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NEUROLOGY. 



THE CEREBRO-SPINAL AXIS. 

B; £. A. SCHAFER. 

The cerehro-spiml axis is divided into the 
drain or encephalon, ihe enlarged part within the 
sknll, and tne spinal cord within the rertebral 
canal. It ia symmetrical in form, coneiBting of 
a i-ight and a left half, separated to some extent 
by liBenrefl and cavities, bat united by various 
portions of white and grey nervous substance 
which cross from one side to the other, and 

Fig. 1.— VllW OF THE CERKBHO-aPlKiL *XIB, (Atl«r 

Boui^ery.) ) 

The right half of th« craoium and trunk of the body 
hai been remoTod by a Tertjcal Mction ; the membranes of 
the right aide of the brain and tpiml eord have be«n cleared 
awaj, anit the roots and fint part of the fifth and twelfth 
emnial nerres, and of all the spinal nerves of the right 
aide, haie been dissected out and laid scparatalj' on the 
wall of th6 skall and on the seferal verteb™ opposite lo 
the place of their natural exit from the cmnio-spinal cavity. 

F, T, 0, frontal, l«inpor»l and occipital lobes of cere- 
brum ; C, cerebellum ; P, pons Varolii : m o, medQila 
oblongata ; m i, m i, point to the upper and lower 
e^itremitiea of the spinal moiraw ; c r, on the last Inmbar 
vertebral spine, marks the caada equina ; v, the three 
principal branches of tiie nerms trigeminus ; C i, the 
mb-DCcipital or first cecrical nene ; C v[ii, the eighth or 
lowest cervical nerve ; D i, tbe finl dorsal nerve ; D xli, 
the last donal ; L i. the fir«t lumbar nerve ; L t, the last 
lumbu ; S I, the first sacral nerve ; S v, the fifth ; Co i, 
the coccj'geal nerve ; i, the left sacral plexus. 

form the commissures of the brain and spinal 
cord. 

The ccrcbro -spinal axis is enveloped within 
the skull and vertebral canal by three connective 
tissue membranes, between which are spaces 
occupied by a clear fluid (cerebro-spinal fluid). 
These envelopes, which will be described later, 
are, let, a firm fibrous membrane named the 
dura m/iter, which ia placed most externally ; 
2nd, a delicate membrane called the arachnoid; 
and, 3rd, a highly vascular membrane named the 
pia mater, which is next to, and closely inveflta 
the surface of the brain and cord. 
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SPINAL CORD. 



The spinal cord or apinol morrow (medulla spinalis) is about 18 inches (45 
centimeters) long, and extenda from the mar^n of the foramen magnum of the occi- 
pital bone to about the lower part of the body of the first lumbar vertebra. Above, 
it is continned into the bulb (medulla oblongata) ; below, it tapers conically and 
ends in a slender tUament, the filian temtinah or central ligament of the Bpinal cord. 

Although the cord usually ends near the lower border of the body of the first 
Inmbar vertebra, its termination is sometimes a little above or below that point, as 




Fig. 2.— Skctioss showiho ths obki 

ADD Ot THIS TO TBE VERTIBail: <UlriL. (Kcj ftod RetlioS.) 

A, through the fifth cerricai Tcrtebra ; B, throagh the tenth ianaX Tertabra : C, through Uie fini 
lumbar vertebra nnd the foramen of exit of the twelfth donal nerve.roolB ; D, through the dtik betireen 
the Mcand and third lumbsr Tertebm ; E, throagh the fint ucral vertebra. In A, B, and C, the cord, 
covered b; pia nmtei, ia seea in the centre, with the ligamentum denticuhitum attached to it on either 
side ; the nerre-roote on either aide form small groups which, sinee they pasa obliquely downwsida to 
their foramina of exit, are cat acrosa ; the dura inatnl she&tb ii separated h; a coosidei-able apace from 
the cord, and by a qnsntit; of looee areolar and fatty lieene from the vail of the vertebral canal This 
tinue is in enialler amount in C. D and B are belov- the termination of the cord, and show sections of 
the Derve-bundies of the eanda eqaina within the dural sheath, which is very large in D, but oompara' 
tirely amall in B, the verl«bial canal in the latter being largely occupied by adipose tissue. In tliia are 
seen the sections of two large veins. The arachnoid is not represented in any of these sectioDS. 

opposite to the last dorsal or to the second lumbar vertebra. The position of the 
lower end of the cord also varies according to the state of curvature of the vertebral 
column, in the fleiion forwards of which the end of the cord is slightly raised. In 
the fcetus, at an early period, the embryoitic cord occupies the whole length of the 
vertebral canal ; but, after the third month, the canal and the root« of the lumbar 
and sacral nerves begin to grow more rapidly than the cord itself, bo that at birth the 
lower end reaches only to the third lumbar vertebra. After birth the thoracic part 
of the cord lengthens proportionately more than the other parts, so that in the infant 
the roots of the lover dorsal nerves come off relatively higher up than at a later E^e 
(Pfitzner). 



THBCA. S 

The cord is enclosed in the vertebral canal within a sheath (theca) considerably 
longer and larger than itself, formed by the dar& mater, and separated from the walls 
of the canal by venous plexuses, and much louse areolar tissue (fig. 2). The cavity of 
the sheath between the pia mater and the dura mater is occupied by cerebro-spinal 
fluid, and is divided by the curtain-like arachnoid into the spaces, subdural and sub- 
arachnoid, above mentioned. Within the latter the cord, covered closely by pia 
mater, is suspended, being kept in position by a ligament on each side (ligamentum 
denticulatum), which fixes it at frequent intervals to its sheath, and by the roots of 
the spinal nerves which pass across the space from the surface of the cord towards 
the intervertebral foramina. 

The spinal nerves come oflF in pairs at intervals along the cord. The portion 
of spinal cord to which each pair of roots is attached is termed a ^' segment,*' but 
there is in man and mammals complete continuity from segment to segment, and 
not even a sign of constriction between chem. Each nerve is attached to the surface 
of the cord by two roots, one of which is anterior or ventral and non-gangliated,^ the 
other is posterior or dorsal and is provided with a ganglion. The uppermost two 
or three nerve-roots cross the subarachnoid add subdural spaces nearly horizontally 
(figs. 1 and 5), but the rest pass across with a more and more oblique downward 
inclination until their direction is almost vertical, and indeed the lower part of the 
theca below the termination of the cord (fig. 2, D, e), is occupied by the descending 
roots of the lumbar and sacral nerves, passing to the foramina between the corre- 
sponding vertebras. This mass of nerve-roots, which conceals the delicate filam 
terminale, is named the cauda equina (figs. 4, 5, 6). 

The relation between the spines of the vertebras and the places of attachment of 
the nerve-roots to the cord is illustrated by the appended diagram (fig. 3) from 
Reid, which is founded upon observations made on six adult subjects. From this it 
will be seen that there is a much larger amount of variation than might have been 
supposed. This is especially the case with the dorsal nerve-roots, some of which 
show variations of their position of origin extending over a distance covered by as 
many as three spinous processes. Certain general facts can, however, be made out 
which are not without practical interest. Amongst these are the position of the 
second cervical nerve — opposite the arch of the atlas ; that of the first dorsal or 
thoracic nerve, opposite the sixth or seventh cervical spine ; that of the seventh 
thoracic nerve, opposite the fourth or fifth dorsal spines, and of the sacral nerves, the 
range of which extends from the eleventh dorsal to the first lumbar spine. The 
line of origin of the sacral nerves very nearly corresponds in vertical extent with the 
body of the first lumbar vertebra. 

No doubt this variation is largely accounted for by the variations in length and 
obliquity of the spinous processes of the vertebrae, and accordingly we find that 
there is least fluctuation of relative position at the top and bottom of the series. 
The anterior and posterior (ventral and dorsal) nerve-roots belonging to the same 
segment of the cord leave it practically at the same level (Reid). 

The cervical enlargement (see next page) about corresponds in vertical extent 
with the spines of the cervical vertebrae, while the lumbar enlargement corresponds 
with the spines of the tenth, eleventh, and twelfth thoracic and the interval between 
the last named and the first lumbar. 

In section the cord is nearly circular, especially in the thoracic region, but it is 
somewhat flattened before and behind. In the thoracic region, it measures about 
ten millimeters (0*4 inch) from side to side, and about eight from before back. The 

^ Some animals (e.g. , cat) have a few ganglion-cells interpolated amongst the fibres of the anterior or 
Tentral nerve-roots. Hoche finds that in the anterior roots of the lower lumbar and sacral nerves of 
man, just at their junction with the cord, ganglion-cells, like those of the posterior root, are almost 
constantly present, lying singly or in groups, and connected with some of the issuing nerve- fibres by a 
T-shaped junction. 

u 2 
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(After E. W. Held.) 

Fig. 4.-A, *Tl»TBiL (ANTSBTOa) iWD B, 1K.B1 

SPINAL COKD •tITB SEUItaHB. (Alien TfaDmBOU.) } 

The eord has been divested o( its membranea mil of the roota of the nerves. The filiform pnJonga- 
tion, leprewnted separate!; ia B', hat bean ramoTed. C, a tmiBTerae sectioa through the middle of the 
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msdnlbi obloDgab ; D, & section tbrough the middle of Ibe 
cervietJ euIai^mcDt oE th« cord ; E, throiigli tlie upper 
dorulr^ioa ; P, through the lower JofshI region ; Q, through 
the middJe of the Inmbu'enliirgement; and U, near the lower 
end of the conuB medullarii. 

1 to S rafer to parts of the medulla oblongdls; tlie 
remaJDiag nuuben to parls df the spiual coid. 

I, pjnunids ; 1', their deciusatioa ; 2, olivai; bodies ; 
3, htenl coliiutiB; i, fourlb ventricle; 4', c&lamua Bcrip- 
toriua ; 5, funiculus gracilis; 6, funiculus cuueatua ; 7, 
7, snteriot median fissure of the epinol cord ; 8, 8, postero- 
latei-al groove eorresponding to ihe attochmenle of the pos- 
terior iierve-roots ; 9, 9, poetcriur median fissure ; x , taper* 
Idi; extremity of the cord ; x , >: , in B', Slum lenninale. 

cord ia not, however, of uniform diameter 
throughout, but is swollen out in the cervical 
and lower dorsal r^ons, two enlai^mente 
being thereby produced — an upper or cervical 
{brachial), and a lower or lambar (crural) (fig. 4). 
Of these the cervical enlargement is of greater 
size and extent than the lambar. It extends from 
the upper limit of the cord to the body of the first 
or second thoracic vertebra ; it is largest oppo- 
site the fifth or sixth cervical vertebra, where it 
measnreB from 13 to 14 mm. from side to side. 
The lower or lumbar enlargement begins at the 
tenth thoracic vertebra, is hirgeat opposite the 
twelfth (11 — 13 mm. across), and from this 
point becomes gradnally smaller ; its antero-poa- 
t£rior diameter is more nearly equal to the 

pig. 5.— DllQKAMHATIO Vllir rBOV BirOKB 07 TBI aflNlL 
OOBD A«D 11KBD(.1.A OBLOHniTA, IMOLnDItlO IHB BOOIB 

THRTIO. (Allen Thomson.) ^. 

Hie apinal nerrea are enumerated in oidet on the right 
nde of tbs figure. Br, brachial plexus : Cr, anterior 
erural. 0, obturator, and Sc, great sciatic nerre^ coming 
off from tumbo-sacial plexus : x, x, Blum terminals. 

a, b, e, aaperiar, middle and inferior cervical ganglia of 
At ormpathetic, the loot united with the Gnt thoracie, 
d; if, tbo elcTsnth thoracic ganglion; I, the twelfth 
thoracic (or first lumbar) ; betow ■ >, the chain of oocihI 
ganglia. 

transverse than is the case in the cervical en- 
largement. Below the lumbar enlargement the 
cord tapere in the form of a cone {conns medul- 
laris), from the apex of which the small fili- 
form prolongation is continued downwards. 

The cervical and lumbar enlargements have 
an evident relation to the large size of the 
nerves which supply the upper and lower limbs, 
and which are connected with those regions of 
the cord. At the commencement of its develop- 
ment in the embryo the spinal cord is destitute 

of these enlai^ements, which, in their first appearance and subseqaent progress, 
correspond with the growth of the limbs. 

The terminal filuacnt (Qlum terminale, central ligament) (fig. 6, b, b) descends 
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in the middle line amongst the nerves oompoeing the canda eqnina, and, reaching- 
the lower end of the eheath opposite to the second saoral vertebra, perforates the dnra 
mater, and teceiving an investment from it, passes on to be attached nith this to the 
periostenm of the lower end of the sacral canal, or to the back of the coccyx. It is 
a prolongation of the pia mater, enclosing for about half its length an enlai^ced 
continuation of the central canal of the cord (see p. 9>, with a little grey matter 
near the apper end. Below the termination of the canal, the filum is mainly com- 
posed of connective tissue, with blood-vessels prolonged 
from the anterior spinal vessels, and on either side there 
run in it three or four small bundles of medullated nerve- 
fibres, some of which have a few ganglion-cells. These 
nerve-bundles are regarded by Rauber as representing 
rudimentary coccygeal nerve-roots. They have no con- 
nection with the coccygeal nerves proper. 

The ilium terminale is distinguished by its silvery 
hue from the nerves among which it lies. 

Fig. 6.^Tii!w vRov giHiKD or the lowir imo or ihb sfihil 

COKD irlTH Tm ClDUl IQDINl AND UCRAL BHiiTH. (Allen 

ThomBou. ] i 

The shtttth haa been opened from beliind and stretched tiiirirdg 
the BideB ; na tbe left sicte rU tbe roots of the nenes are entire ; on 
the right side both roots of the liret end second lumbar Derres oreeHtire, 
wbile the rest have been divided close to tbe place of their psssogc 
thi-ongh the sheath. The hones of lbs coccyx are sketched in their 
natural relatire positJon to show the plane of the filum terminale 
and the lowest nerres. 

a, plseed on the poaterior median fissure at the middle of the 
lumbar enlargement of the eord ; ft. b, the terminal filament, drnwD 
Blight]; aside by a hoolc at ila middle, and descending within the 
duni sheath ; b', b', its prolongation beyond the sheath and upon 
tbe back of the coccygeal bones ; c, lbs dnral sheath ; d. double 
foramina in this for the separate passage of tbe ventral and dorsal 
(Bolerior and posterior) roots of each at tbe nerves ; <, ligamentum 
denticulatum ; Dx, sod Dxii, the tenth end twelfth thoracic (dorael) 
nerves ; Li. and Lr, the first end fifth lumbar Dorves ; Si, and Sv, 
the first and fifth aacial nerves ; Cl, tbe coccygeal nerve. 

Fbumres. — The spinal cord is incompletely divided 
into a right and left half by two fissures which pass in 
from the middle of the anterior and posterior surfaces, 

and penetrate through the greater part of its thickness, 
Of these two median ft$gures the anterior or ventral (fig. 
7, 1 ) is wider and therefore more distinct than the pos- 
terior or dorsal, although it does not, in most parts, 
penetrate to more than one-third the thickness of the 
cord, while the posterior fissure may reach more than 
half-way from back to front. The anterior contains a 
fold of the pia mater and also many blood-vessels, which 
are thus conducted to tite centre of the cord. At the 
bottom of this fissure is a transverse connecting portion 
of white substance named the anterior or while com- 
miastire. 
* The posterior (fig. 7, 2) is not an actual fissure, for, 

although the lateral halves of the cord are quite separate 
dorsally, there is not so much a fold of the pia mater between them, as merely a 
septnm of connective tissue and blood-vessels prolonged fi-om that membrane which 



INTERNAL STRUCTUKE. 7 

passes in nearl; to the centre of the cord (posterior teptuni). Ite positioa is marked, 
especially in the lumbar enki^ment and in the cervical region, by a superficial 
f niTow. At its end is the posterior or grey comnti»ture. 

Besides these two median fissurea, a lateral furrow is seen on each side of the cord, 
corresponding with the line of attachment of the posterior roots of the spinal nerves. 
It is named the postero'laieral groovt (fig. 7, c, 4). Each lateral half of the cord is 

Pig. 7. — DirriBEHT vjkws or i poktton 



(AI]«D TbDmson.) 

Id a, ths anterior or Tentral Burface 
of the eperinien ie ahown, the antarior 
nerve- not of the rigbt side liadng been 
' divided ; in B, b view of the right side iB 
given ; in C, the upper sDrfaee is shown ; 
in D, the neive-roote and gangUoa are 
shown from be] aw. 1, die anUriar 
median liware ; 2, posterior median 
fiuure ; 3, uitero. lateral impression, 
over which the bundles o( the anterioi' 
nerve-roat are seen to spread (tbie im- 
prasion is too distinct in the figure) : 4, 
poBtero-lateral groove into which the 
bundles of the posterior i 



; 5', i 



, the 




the united or oumponnd nerve ; 7', the 
posterior primar; branch, seen in A and 
D to be derived in part from the ante- 
rior and in part from the posterior root. 

divided superficially by the postero-lateral groove into a posterior and an antero- 
lateral part. The attachment of the anterior roots, however, subdivides the latter 
into anterior and lateral portions. 

An ant«ro-l6tetal gioo-ve haa aometimes been described in the line ot origin of the anterioi 
roots of the nerves, bat usually has no real existenoe. The fibres of these roots in fact, 
nnlike the posterior, do not dip into the spinal cord in one narrow line, but spread over a 
space of some breadth. 

On the posterior surface of the cord, at least in the upper part, there is on each 
side of the middle line a slightly marked longitudinal furrow, (tig. 11) eitoated ahont 
' one millimeter from the posterior mudian fissure, and marking off, in the cervical 
region, a slender tract, the posiero-metM column. This sulcus, which is better 
marked in some individuals than in others, is termed the posterior intermediate 
fmrow. An incompletA connective tissne septum (posterior intermediate septum) 
extends from the fnrrow into the white substance of the cord. The larger remaining 
part of the posterior column is termed the postero-lateral coliimn. 



—When the spinal cord is cut across (figs. 8, 11,14} it is seen that 
the grey matter occupies the more central parts, being almost completely enclosed by 
the white matter. The grey matter appears in the form of two irregularly crescentic 
portions on either aide, united across the middle line hy the posterior grey commis- 
snre before mentioned, so that it« section may he compared in shape to the letter H. 
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The concave side of each lateral creBceat faces outward, and in consequence of the 
depth of the poeterior median tiasnre the commissure of grey matter joins the crescents 
nearer their anterior than their posterior ends, except in the lumbar region of the cord. 
The two horns or cornua of each crescent are named from their position anterior 
and poeterior (or, better, ventral and dorsal) ; the anterior or ventral horn (fig. 8, 
a.c)iB the shorter and broader, and is everywhere separated from the surface of the 
cord by white matter which is traversed by the bundles of the anterior roots at the 
part where these enter the cord. The posterior or dorsal liom ( p. c) is longer and 
nnrrower, and tapers almost to a pomt {apex coniu jioiteriork), which closely 

Fig. 3.— SlOtlON Of IHI SPINAL «1RD ill THE UPPlIt p4St Of 
THt UOKSll BEQIOR. {E. A. S. ) ( 

a, anterior median fisaure ; ;>, pOBMriar'niedian fiaaure ; p, n, 
poKMrior nene-nwta entering at the poatero-UtersI groave ; a, c. 
Anterior comu at grey matter ; p, c, poeterior comu : i. inter- 
medio-latenJ tract (lateral corLu) ; p, r, procesius teticnlana ; t. 
poaterioT veaicular column of Clarke ; (, pia-matnil aeptiun Coriii- 
iiig the lateraJ boundiuy of the poatero-nieaial calumii. 

approaches the external surface of the cord at the 
postero-Uteral groove, with which it is connected 
by a process of the superficial neuroglia which here dips in towards the bom, 
but is interrupted by a stratum of fine nerve-fibres known as the margitial 
hindU. The posterior horn is slightly narrowed at its base {cervix comu) ; from 
that place it gradually expands into the main part of the horn (caput comu), and 
from this it tapers in the way just noticed. Near its tip the caput comu has s 
peculiar semi-transparent aspect, an appearance due to the substantia gelatitiom of 
Rolando (fig. 14), which forms a kind of cap to the cornu. The part of the grey 
crescent between the two horns is known as the intermediate grey substance (Gowers). 

Near the middle of the outer surface of each crescent the grey matter is less 
sharply marked off than elsewhere from the white matter ; portions of grey matter 
extending into the lateral white column and uniting with one another into what in 
sections appear like a network enclosing portions of white substance {p. r.). This is 
known ae the processus reticularis ; it is best marked in the cervical region (fig. 14). 
At the postero-lateral part of the anterior hom, immediately in front of the 
processus reticularis, the grey matter forms in the upper doreal (thoracic) region 
(fig. 11, Dl) a somewhat pointed triangular projection, which is sometimes distin- 
guished as the lateral horn bub is better known as the intermedia-lateral trad of 
Lockhart Clarke {intermediate process of Gowers) (fig. 8, i). Above, in the cervical 
region, this blends with and forms part of the enlaiged anterior hom. This is ' 
also the case in the lumbar enlargement, but in the sacval region the lateral born 
again becomes distinct. 

The grey crescents vary in form in different parts of the cord (see fig. 10). In 
the dorsal (thoracic) region both anterior and posterior cornua are narrow. In the 
cervical and lumbar r^ions the anterior cornua are large and broad. The poeterior 
cornua are narrow in the cervical and thoracic, hut very broad in the lumbar r^on. 
The grey matter is seen in a series of sections to be most abundant in the lumbar 
region of the cord, and least in the thoracic. 

It is clear that what appear in section as irregular crescentic areas of grey matter 
are in reality long irregularly fluted columns, and that the commissural buid uniting 
the convex edge of the crescents is a flattened expansion, connecting the columns 
along their whole length. But it is both customary and convenient to speak of the 
various parts of the grey matter of the cord according to their appearance in sections, 
althoi^h the term " columns " is very generally applied to what appear in section 
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as gronpB of nerve-cellg, occurriDg in diffeient parts of the grey matter, as well as 
to the several portions of the white matter immediuely to be described. 

Csntral cuud. — Extending through the whole length of the spinal cord, in the 
snbstance of the grey commissure, there is a minnte canal (fig. 8) which, in sections 
of the cord, is barely visible as a speck, with the naked eye. It is continued above 
into the mednlla oblongata, where it gradually approaches the posterior surface and 
eventnally opens out at the calamus scriptorius of the fourth 
ventricle. At the lower end of the cord, near the extremity 
of the conns medullaris, it becomes enlarged, and shaped like 
the letter ft ^'^ ^ stated by some observers to open on the 
dorsal or posterior surface of the cord ; but this is denied by 
others. This central canal, though minute, is an object of 
considerable interest as a typical part of the structure of the 
cord, since it is the permanent remains of the epiblaatic canal 
from which the spinal cord is developed. It is more distinct meter*. 
in lower vertebrata than in mammals. 

Wliito nuttar.— The white substance of each half of the cord completely 
enoloees the grey matter except opposite the posterior horn. This last therefore 
serves to separate off a smaller posterior white column, which is somewhat wedge- 
shaped in section and is bounded internally by the posterior median fissure, from the 



EioTioSAI. ABK13 01 XBt BEVEBiL iNTKiUKa BEHVi-itoaia (adftpt«d from Ludwig and WoroKhiloff). 

(B. A. & } 

The aectioiul areu of tlie sevGnil entering nerre-roots (n.r} as well aa the eil«nt of tfae gre; miittOT 
{gr), and of the latetai, pcaterior, and anterior colnmnB of white matter [I. c, p. c, and a. c), are 
reprtaented in anperpoBsd curyee, the caramon abBCisBa of which [abi, ) i> iDteraecCed at equal interralB 
by iM manj ordinales as there are pairs of spinal nerves. In the ordinataa eacli milliuieter above the 
atacinsit represents about one square millimeter of sectional area. 

rest of the white substance which forms a lai^ arUero-lateral white column (figs. 7 
to 9). The antero-lateral column is sometimes arbitrarily divided into anterior and 
lateral white ccJumns, the place of passage of the bundles of the anterior nerve-roots 
being taken as the limit between the two ; bnt since these ai'e scattered over a 
considerable part of the transverse section it is clear that the limit cannot be 
distinctly fixed. 

The white substance is traversed by imperfect septa of connective tissue 
prolonged inwards from the pia mater. Most of these are irregular and somewhat 
variable in position, with the exception of one in the cervical region extending 
inwards towards the grey commissure from the sulcus before described as bounding 
the postero-mesial column. This, the posterior intei-mediate septum before men- 
tioned (p. 7) (fig. 8, «) cuts off a small portion of the posterior column next to the 
posterior median fissnre, corresponding to the projection of the postero-mesial column 
on the surface. 



10 THE SPINAL CORD. 

The lateral symmetry of the spinal cord is not always perfect. The white columns 
especially are fonnd slightly to vary, the variation being generally caused by the 
fact that the amount of the pyramidal tracts of white matter differs somewhat on 
the two sides of the cord (see p. 24). More rarely considerable malformations 
have been found to occur. 

The white matter of the cord, especially that of the lateral and posterior columns^ 
increases gradually in amount from below upwards, receiving a considerable accession 
opposite the roots of the larger nerves which supply the limbs. These relations are 
strikingly shown in the appended curves (fig. 10) which have been constructed by 
Ludwig and Woroschiloff from measurements by Stilling. The amount of the grey 
matter in the different regions is also given, as well as the sectional areas of the 
. roots of the spinal nerves. It is seen that opposite to the origins of the large nerves 
there is a marked increase in the amount of grey matter. 

The anterior or white commissure is likewise proportional in size to the entering 
nerve-roots. 

Characteristic features of the different regions of the cord. — In the 
sacro-coccygeal region the bulk of the spinal cord is formed of grey matter which 
has a comparatively thin mantle of white substance surrounding it. The posterior 
cornua are nearly as thick as the anterior, and the isthmus of grey matter is relatively 
thick. The lateral cornu (in the sacral region) is well marked. Both here and in 
the lumbar region the number of nerve-cells imbedded in the grey matter is rela- 
tively very large, a fact which is probably connected with the circumstance that 
these regions are concerned with numerous and important reflex acts. 

In the lumbar region the white matter begins to predominate, owing chiefly to 
the accession of the large nerve-roots of the sacral and lumbar plexus, many of the 
fibres to and from which are now running down and up the white columns of the 
cord. The posterior horn and the grey matter in general is still thick, although in 
the upper part of the lumbar region it has become thin and has more of the 
character which is met with in the thoracic region. The lateral horn is not distinct. 
The outline of the cord is beginning to be more circular, a shape which is maintained 
as far as the second thoracic segment. 

In the dorsal or thoracic region the chief characteristic is the relatively small 
amount of grey matter, which forms two long slender crescents united by a narrow 
isthmus, which both here and in the cervical region is placed nearer the ventral than 
the dorsal aspect of the cord, whereas in the lumbar and sacral regions it lies near 
the middle of the dorso-ventral axis. The white matter is absolutely as well as 
relatively greater in amount than in the lumbar region. The lateral horn forms a 
distinct acute prominence throughout the whole of the thoracic region, but is most 
marked in the upper part. Clarke's column (see p. 16) is also to be seen near the 
base of the posterior horn : it is most prominent at the lower part of the thoracic 
region. In the upper part the postero-mesial column begins to be marked off from 
the postero-lateral. 

The cervical region is characterized by the fact that the cord, except at the upper- 
most part, is of large size and tends to be somewhat flattened dorso-ventrally. The 
increase in size attects botli grey and white matter. The postero-mesial column is 
now sharply marked off from the postero-lateral. Fibres of the spinal accessory 
roots may be seen passing out from the lateral cornu. A reticular formation is seen 
at the outer edge of the grey matter. Both the lateral and anterior cornua are large 
and are fused together to form a mass of grey matter, triangular in section, and 
tapering oil' dorsally into the base of the posterior horn. This horn and the substance 
of Rolando are but slenderly developed, contrasting with the large development of 
the same parts in the lumbar enlargement. The isthmus is thin, and the central 
canal flattened dorso-ventrally. 
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In the nppermoBt segments (npper part of the cervical enlai^ment) the gre; 
matter is again diiuiDished in amount and the cord has become circular ia outline, 
as in the dorsal region. The section has however the other cervical characteristics, 
and there is a much more strongly marked anterior commissnre than in the thoracic 
cord. Opposite the first oervical nerve-roots the cord begins to mei^ into the 
medulla oblongata or spinal bulb, and the passage of the pyramidal fibres from the 
pyramids on one side of the bnlb.to the lateral tract on the other side of the cord 





Fig. 11,— TuMtiniisi s 



T3. (W. R, GowaiT.) Twio* • 



Tbe tettera and numbers indicate the i>QBitLon of each section : Co. at level of coccygeal ne 
Sac. 4 of 4th Bacral ; L3 of 3rii luinbar, and bo on. The grej subetanoe ia gbacled dark, and the m 
Mill within it are indicated bjr dote. 



tenda partially to obliterate the anterior median fissure and to cut up the grey 
cresoent 

In the cervical region the nerve-roota leave the cord nearly at a right angle and 
close together ; in the other regions at an angle which is more or less oblique, the roots 
being directed from the intervertebral foramina upwards towards the cord ; in the 
thoracic region they succeed one another at relatively longer intervals than 
elsewhere. 



THE SPINAL CORD. 



MICROSCOPIC STKUCTtTRE OP THE BPINAl. COBD. 

The white aubataooe of the spinal cord is almost wholly composed of longitndinally 
coursing medullated nerve-fibres, which in carmine-stained transrerse sections of 
the cord (fig. 12) appear as clear rings with a stained dot — the section of the azls- 
cylinder — either in the middle of the ring or shifted somewhat to one aide. The 
fibres vary much in size, and in many parts of the section larger and smaller fibres 
are intermixed, but some parts are characterised by containing many large fibres. 
others for the most part small fibres. The laigeat fibres are in the circumferential 
part of the anterior and lateral colnrans (and especially in the direct cerebellar tract), 
the smallest in the part of the lateral column in the neighbourhood of the processns 
reticularis, in the marginal bundle of Lissauer near the apex of the posterior horn, and 
in the postero-mesial column. Very small fibres also occur scattered over the white 



Kg. 12.— A SHALL PORTION 

HlaULl xioKlriiD. (E. A. S.) 

a, a, gnperticnl neuroglia ; h, b, transTersa section of part of the Utenl colunin of the coH (direct 
cersbellor tract). The ilark points are tbe aiiii-crliaiiarB, and the clear areas the medullai? substance 
of the Derre-&bres : the superhcial aeureglLa exhibits the appearance of a fine network in which only the 
nuclei of the nearDglis-cells sre seen, Oneoi two corpoi-a amylaeea (c.n) sre embedded in the neunslia, 
which extends inwards among the nerve-fibres. 

substance, especially in the anterior column. The white columns are imperfectly 
divided into secondary columns by incomplete septa of fibrillar connective tissue 
which are prolonged inwards from the inner layer of the pia mater, and convey 

blood-vessels to the interior of the cord. 

Immediately beneath the pia mater and closely investing the cord externally is a 
layer of what in the fresh condition appears a homogeneous substance with nuclei 
embedded in it here and there. In sections of the cord hardened in alcohol or 
chromic salt*, the substance in question is finely reticulated (fig. 12, a, o). The layer 
which it forms is very thin over some parts of the surface but comparatively thick 
in others, and where the pia septa pass into the cord, it accompanies and invests 
them and their ramifications in the white substance, passing with them between the 
irregular bundles of ner^e-fibres. Not only does this subpial reticular substance 
accompany tbe prolongations of the fibrillar tissue and largely assist in forming the 
incomplete septa above mentioned, but it extends independently amongst the indi- 
vidual nerve-fibres, occupying the interstices between them, and serving as a uniting 
medium in which they are embedded. Hence it was named by Virchow the 
neuroglia (nerve-cement). The nuclei in it belong for the most part to branched 
fibrillated cells (neuroglia-cells) which occur in considerable numbers and may be 
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fsaid to orm the tiBSue ; some which are more oouspicuons are known ae the cells of 
Deiters ; they appear stellate in Beotion and are found in the ]aiger intereticea 
between the nerve-fibres. Along the line of origin of the posterior roots the super- 
ficial neuroglia dips inwards towards the horn of grey matter, and expands within it to 
join the gelatinous substance of Rolando. This, as before mentioned, presents a 
transparent jelly-like appearance in the fresh condition, but in sections of the 
hardened cord it is finely recticular, containing numerous neurt^lia- cells. Some of 
the bundles of nerve-fibres of the posterior root traverse this anhstance, and it 
contains many nerve-celU ; these are mostly of small size, but here and theK one of 
Jailer dimensions is m'bt with. 

In the constitution of the rest of the comua the nenroglia takes part to a far 
less extent than in the substantia gelatinosa. It is true that it is prolonged both 
from this and from the white substauoe into the grey matter, and pervades the 



c, central canal ; v, Tsntral or 
aalerior ; d, doreal or poaMrlor 
surface. Tbe ■pangioblaaU alone 
are coloured and are leea to 
extend from tbe central cnnal to 
the periplisry of the cord. Some 
appear to be detiched and in pro- 
cess of converwoD into neuroglia- 
cells. 

latter throughout in every 
part. But it is in great 
measnre obscured by the 
proper nervous elements, 
which in the grey substance 
comprise both cells and 

fibres. In the first place are found multipolar nerve-cells, many of large size, 
scattered singly or occurring in groups throughout the grey substance. In oonnec- 
tion with these and especially accumulated around the cells and cell groups, is an 
interlacement of the finest nerve-fibrils, which is derived partly fW>m the ramified 
processes of tbe nerve-cells, and partly from the ramification of nerve-fibres or of 
collateral fibres which enter the grey matter from the nerve-fibres of the white 
columns. Occupying a considerable portion of the grey matt«r, are nerve-fibres, 
mostly of the medullated kind ; these and the axis-cylinder processes of the nerve- 
cells traverse the grey matter in different directions, coursing for the most part in 
bundles which intercross with one another, and confer on the grey matter a spongy 
appearance. Hence it is sometimes known as the sub&iantia tpongiosa. 

a many lectionsof the spinal 

The structnre of the nenroglia is described in the part of this work which deals 
with General Anatomy (\'cl. I., p. 322). It is developed from the spongioblaste of 
Hia {see Embryology, Vol. 1., p. 57), which at an early perigd of development 
extend from the central canal in the middle of the gi'ey matter to the periphery of 
the cord (fig. 1 3). (The same holds good for other regions of the cerebro-spinal axis.) 
At a subsequent period their continuity from the central canal to the surface can no 
longer be rec(^nized, although it is certain that even in the adult the cells which line 
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the oentral canal and ventricles of the brain extend a long and indefinite distance into 
the grey matter. It is probable however that it is by transverse division of the 
spongioblasts, preceded by division of their nuclei, that the neuroglia-cells are origin- 
ally formed. At the same time it appears clear that although nerve-cells and 
neurogliarcells are functionally very different, their origin is not so dissimilar as was 
at one time believed to be the case. It was taught formerly that the neuroglia is a 
form of connective tissue (which it resembles functionally), and it was supposed that 
its cells were developed from mesoblast, but of late years there has been much doubt 
cast upon its supposed mesoblastic origin, and the question is not yet fully decided. 
The researches of His have tended however to show that both the spongioblasts 
from which the neuroglia-cells are believed to originate and the neuroblasts which 
give origin to the nerve-cells are both formed from the (at first undifferentiated) 
cells of the neural epiblast (see Embryology, development of central nervous system). 
The investigations of Bam6n y Cajal upon the development of these elements in the 
embryo chick and mammal further indicate that the distinction into spongioblasts 
and neuroblasts is not a fundamental one, for cells which from their shape and 
position would be classed amongst the spongioblasts of His may alter their character 
and by throwing out an axis-cylinder process become transformed into nerve-cells. 

Small concentricaUj striated globules, termed corpora amylaeea^ are frequently met with 
in the neuroglia of the cord in man, as well as in many of the parts of the central nervous axia. 
They appear to be composed of proteid substance but, although long recognized, their mode 
of formation and their meaning are unknown. 

DIBTBIBUTION OF NSBVX-OXIiliB IN THS BPINAIi OOBD. 

, In transvei'se sections of the cord it is seen that the nerve-cells are not equally 
distributed throughout the grey substance, but are arranged in definite groups, 
which occupy nearly the same relative position in successive sections. The groups 
are therefore the sections of longitudinal tracts of grey matter rich in nerve- 
cells, and these tracts are named the ganglionic or cell-columns of the grey matter. 
The longitudinal continuity of the groups can be seen in sections of the cord 
made parallel with its long axis and passing through the part of the grey matter 
where the groups occur. In such longitudinal sections it may also be observed that 
the cells tend, speaking generally, to be more extended parallel to the longitudinal 
axis of the cord the longer the segments of the cord, as indicated by the entering 
nerve-roots (Toldt). It may further be stated as a probable law, applicable at least 
to the cells belonging to the same group or column, that the longer the nerve-fibre 
which issues from a cell, the larger is the cell. Those segments of the cord 
from which the longest nerve-fibres issue by the anterior root have the largest 
anterior horn cells (Pierret). 

CeU-column of anterior horn. — Of these groups or columnar tracts of nerve- 
cells, the one which is most constant and contains the largest cells is found along 
the whole of the ventral part of the anterior horn where the nerve-cells lie among 
the issuing fibres of the anterior roots. There seems to be no doubt that many of 
these anterior or motor nerve-fibres are directly continuous with the axis-cylinder 
processes of nerve-cells of this group. Hence it is sometimes named the motor 
<ell-cohcmn^ but it is more generally known as the cell-column of the anterior horn. 
Its cells are in most parts collected into two groups, a lateral or ventro-lateral 
{fig. 14, h) nearer the lateral column of white matter, and a mesial (a) nearer the 
anterior column ; in the cervical and lumbar enlargements there is a third, more 
deeply seated, dorsal or dorso-lateral group (h'). 

Of these several groups of cells into which the anterior horn cell-colunm is 
•divisible, the one which is most constant along the whole length of the cord is the 
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mesial group : on this acconnt it is thought to give origin to the nerves which 
supply the dorsal muscles of the spinal column. It is sometimes described as 
forming two sub-groups, viz. : a dorso-mesial and a ventro-mesial. 

The ventro-lateral group probably gives origin to the nerves which supply the 
lateral and ventral muscles of the trunk, including the muscles of respiration. In 
the cervical region it is described as consisting of two parts, one more laterally 
situated, which gives origin to fibres of the spinal accessory, and another, more 
mesially placed, which is believed to give off the fibres of the phrenic nerve. la 
the lumbar enlargement it also tends to be sub-divided. 

The dorso-lateral group is mainly developed in the cervical enlargement and 
lumbar enlargement, and has an evident relationship to the nerve-roots of the 
brachial and sacral plexuses. It also shows subordinate groupings, which probably 
have special connections with particular groups of the limb-muscles. For varioua 
conjectures regarding both these and other cell-groupings in the grey matter, the 
reader may consult the paper by Kaiser, which is given in the Bibliography. 

Some of the cells which are nearer the anterior commissure send their axis- 
cylinder processes through this commissure to the anterior white colunm of the 
other half of the cord : it is believed that these processes may be connected with 
nerve-fibres of the corresponding anterior root of the other side. 

In Bome of the lower vertebrates it may be made oat that there are yariations in the size 
of the column of cells of the anterior horn in sacoessive i>ortions of the cord, the cells beings 
more nnmeroos opposite the points of entrance of the nerve-roots, the attachment of which 
to the cord is in them more localized than in man and higher vertebrates. In this way some- 
what of a segfmental formation of the column is indicated, and in some fishes and reptiles 
the enlargement of the group of cells and its enclosing grey matter is sufficiently marked to 
produce an external swelling opposite each nerve-pair. A similar segmentation is indicated in 
an early stage of development in all vertebrates, including man, by the fact that the ooid is 
somewhat enlarged opposite each pair of nerve-roots. 

Clarke's colnxnn. — A second very well marked group or column of large cells, 
which occupies in transverse section an area at the inner or mesial angle of the base 
of the posterior horn (fig. 14,/), and appears cut off from the rest of the grey matter 
by a curved bundle of fibres derived fi^m the posterior root, extends along the 
middle region of the cord from about the third lumbar to the seventh cervical 
nerve. This was termed by Lockhart Clarke the posterior vesicular column; 
it is usually known as Clarice's column, although the cells were first noticed by 
Stilling. It is best developed in the lower part of the dorsal (thoracic) region. 
From the fact that it is almost entirely confined to the thoracic region of the cord 
it was termed by Stilling the ** dorsal nucleus.'* But although ceasing above and 
below the points mentioned, it is not altogether unrepresented in other parts, for 
groups of cells are found in a similar situation opposite the origin of the second and 
third sacral nerves ('' sacral nucleus *' of Stilling) and opposite the origin of the third 
and fourth cervical nerves (" cervical nucleus ") ; and elsewhere there are scattered 
cells of the same character in the same part of the section of the cord. The cells of 
this column, like most, if not all, the cells of the spinal cord, are multipolar, and 
their axis-cylinder processes tend towards the lateral column, where they are believed 
to form the direct cerebellar tract (Flechsig). The cells themselves are surrounded 
by a fine plexus of nerve-fibrils, probably derived from collaterals of the posterior 
root-fibres. They are of large size, measuring, according to Mott, in their longest 
diameter, which is directed longitudinally, from 40/i to 90/i, the largest being found 
in the lowermost part of the column. In the foetus and even in the new-bom child 
they are much smaller (25/li to 30/i), but by the second or third year after birth 
they have nearly attained the same size as in the adult. 

Lateral cell-coliuun. — ^A third column of cells lies in the intermedio-latend 
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tract {lateral cell-column^ fig. 1:1, d). Like that tract, the ganglionic colnmn it 
contains chiefly appears as a distinct formation in the thoracic region ; in other parts 
the cells do not form so distinct a group, hut they appear nevertheless to he repre- 
sented to some extent along the whole cord. Its cells are bipolar or multipolar, and 
measure on an average 80/i in diameter, being considerably smaller than those of 
Clarke's column or those of the anterior horn. In the upper part of the cervical 
region a group of cells becomes distinct in a similar situation (lateral nucleus), and 
is traversed by the roots of the spinal accessory nerve. 

Middle cell-colnxiuL (Waldeyer). — This is formed of what in sections of the 
cord forms an ill-defined group of moderately-sized cells placed in the middle of the 
grey matter of the crescent. The cells are most distinct as a group in the cervical 
region, and also more numerous there, becoming fewer in number as Clarke's column 
becomes more evident. In the dorsal region they lie mostly at the side of Chirke's 
column, but further down they again move nearer the middle of the crescent. They 
are distinguishable right down into the sacral region. It is not known with what 
fibres they are connected, but fibres from the postero-lateral columns course amongst 
them, and it may be that, on the other hand, they give off nerve-processes to one of 
the conducting tracts ( ? to the antero-lateral ascending tract). They stain less 
deeply with carmine than those of the motor column or of Clarke's colunm. 

Cells of posterior horn; solitary cells. — The cells of the posterior horn 
are not grouped very definitely, but for purposes of description they may be roughly 
sub-divided into — 1, those at the base of the horn ; 2, those near the middle of the 
horn ; 8, those at the margins ; and 4, those of the gelatinous substance of Kolando. 
They vary in size, some of the largest being found near the mesial margin of the 
horn ; these often have a characteristic long curved process (comet-cell, Waldeyer) ; 
and even within the same group both large and small cells may be found intermixed. 

But in addition to the groups, a number of scattered cells are met with, dis- 
tributed through the posterior horn. These cells vary much in form and size, but 
are for the most part spindle-shaped. They are usually spoken of as the solitary 
cells. The axis-cylinder processes both from some of these cells and from cells of the 
lateral cell-column pass towards the anterior horn and also towards the anterior 
commissure, and they are believed to give origin to the smaller fibres which issue 
with the anterior roots. Some of the axis-cylinder processes of these cells do not 
however leave the grey matter but are branched and their ramifications lose them- 
selves in the interlacement of fibrils which invests other cells. In the lamprey it has 
oeen shown by Freud that cells which appear to correspond with the solitary cells 
send their axis-cylinders into the posterior roots, and more than one observer has 
described a direct passage of the axis-cylinder process of one of the more deeply 
lying cells of the anterior horn through the grey matter into the posterior root, and 
thence past the ganglion into the mixed nerve without coming into connexion 
with any of the ganglion-cells. 

The cells of the substance of Rolando were first noticed by Gierke. They are 
small round granule-like cells, closely packed and staining with difficulty. They 
appear to have been often taken for neuroglia cells, but, according to Gierke and 
H. Virchow, there is little doubt about their nervous nature. 

Cells are occasionally found separated from the general mass of grey matter and 
lying out amongst the fibres of the white columns. These " outlying cells " have 
been described by StiUing and others, recently in detail by Sherrington. 

It has been shown by Golgi that the nerve-cells of the central nervous system may be 
primarily classified nnder two heads, viz., 1, those with a long axis-cylinder process which 
becomes a mednllated nerve-fibre ; and 2, those with a short axis-cylinder process which may 
or may not become medullated, and soon ramifies and loses itself in neighbouring pai-ts of 
the grey matter. Grolgi la of opinion that the former are to be looked upon as ** motor or 

TOL. III. 
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efferent" aella, and the latter as "Bennor; or aSereut." bnt it ia doubtful if this phTviological 
distmatiou will bold gwxL la the spinal ootd ttie oells of the anterior horo, those of 
Clarke'8 column, and many of the cella of the lateral oell'KMliunD and of the posterior horn 
beloQir to the first aategory, while man; of the solitary cells, the small celU of the substance 
of Rolando, and some of those of the lateral cell-colomn, .belong to the latter. 



Fig. IS. — ClNTRAL CAHU. SHOWtHO ITS EPITHILmH. (B. A. S.) 

A. from a child of six. HagniGed 150 dismeten. A', some of the ciliated cells, highlj magnified. 

B, secticn of the isthmua from the lumbar cord of an adult (fet. 33), showing the ceatral caasl io the 
middle surroiinded hy the Bubstantia gelatinoea centralis, /.a., anterior median fisBare ; p.m.c., 
poalerior white column j a.e., anterior white commisBure. Magnified 30 diametora. 



IB. — The antsrior oomminiiura (fig. 15, B, a£.) coosistB of medul- 
lated nerve-fibres which pass on each sidu, some into the nnterior white column, 
others into the anterior hotn of grey matter. Their course is not strictly transverse, 
many fibres which enter the ventral part of the commisaure at one side leave it at 
the dorsal portion on the other side. There is thus an oblique decussation at the 
middle line (iig. 15). This decussation is most distinctly seen in the. comparatively 
short and wide commissnre of the lumbar region, and in Uie upper part of the cervical 
region. In the latter sitnation it appears as a continuation of the decDSsation of the 
pyramids of the medulla oblongata, to be afterwards described. In addition to the 
transverse there are a few longitndiaal bundles of fibres in the region of this coimnis- 
sure. The fibres are often somewhat displaced by vessels which pass into the grey 
substance from the anterior fissure. 

The posterior conunisstire also contains medullated fibres i-unning trans- 
versely or with a slight obliquity, but there is a large amount of neuroglia between 
them, and this gives the commissure a grey aspect. In this commissure is 
contained the central canal of the spinal cord surrounded by an area free from 
medullated nerve-fibres, and occnpied by a substance which, like the superficial 
neuroglia and tfae substance of Eolnndo, has in the hardened condition a reticulated 
stmctnreand in the fresh state a gelatinous aspect. It is termed substantia ffelatmosa 
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cmtralis. In thig gelatinous Bubstance many of the fibres of the posterior com- 
miseure appear to end (see fig. 15, B). There is rather more of the posterior com- 
missure behind the central canal than in front. The fibres of the posterior part curve 
backwards on reaching the crescents of grey matter and pass towards the bundles of 
tho posterior roots, whereas the rest direi^ at various angles into the crescent. 

The oantral cmsl is lined with a layer of ciliated epithelium (fig. 15, A, A'). 
Each cell is provided with a bunch of ciha on the side which is turned towards the 



Fig. IB.—Dikanii to iLLiraTBATi trs EiLATton ot 

or Ml wain oommkb or teb bmhu. wbd to ihi mwhollb ib tat orhy maitkr. (E.A.8.) 

Inmen of the canal ; the other end of the cell is prolonged into the reticular 
Bobstance just mentioned, and there becomes lost to view. 

In the adnlt human subject the lumen of the central canal is not nnfreqnently 
obliterated, being filled up by detached cells. 
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The roots of the spinal nerves are attached along the sides of the cord, opposite 
to the corresponding horns of the grey matter ; the posterior roots entering along a 
straight tine at the poatero-lateral groove, and the anterior roots being scattered 
Bomewbat irregularly npon the surface (fig. 7, b). 

The anterior roots are seen in a transverse section to pass through the white 
substance and to enter the grey cornu in several hnndles, which have a slight upward 
inclination, so as to be often cut obliquely if the section be exactly in a transvemn 
plane. Some of the fibres on reaching the grey matter are directly connected with 
the axis-cylinder processes of the large nerve-cells of the cornu. Others pass by 
the cells without, so &r as can be seen, entering immediately into relation with 
them. 

As soon as the bundles enter the grey matter, their fibres diverge from one 
another, some passing mesially, others laterally, and others straight backwards (fig. 16). 
Of those which pass mesially some are continued into the axis-cylinder processes of 
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the mesial group of cells of the anterior coma, and others to the other side of the 
cord through the anterior commiseure, there perhaps to become conaected with the 
corresponding cells. The outwardly directed ttbres of the root are coaoected with 
the ceils which form the lateral groups of the anterior horn, and partly with some 
of the cells of the intermediate cell-column. The middle fibres are partly con- 
nected to the cells of the anterior horn, and partly pass on to the posterior 
horn, where they are probably continued into some of the cells there present. 

In ihe cervical reg'ioii of the cord, from the siith nerve upwards, the root-fibrea of tbe 
spinal part of the spinal acceaaory nerre maj also be seen paseing out of the anterior hom 
throagh the lateral column (fig. 31, p. 40). They arise from a group of somewhat large cells, 
which in tiie uppermost region of the cord lies in the antero-lateml part of the hom, olose to 



Fig. 17.— TiuBSTEEaK aictioii op i 



A, siis-cjlindars of anterior root-Gbres iuuing from large cells of the anterior bom, C. 

B, Posterior root-fibres passing from the bipolar celts of the spinal ganglioti, into the posterior colnmn 
of tha sjiinai cord, D, vbera thsj bifurcate, d, and become tongitudiaal \ t, f, g, collaterals from tfaeae 
Kbres, pasatag into the grey matter- 
its venttAt edge, bat In th« middle and lower oervioal regions t«nds gradually to occnpj a 
position nearer the base of the hom (see p. 16). This group of oellB is the direct continuation 
downwards of the accessory nucleus which will be seen in the lower part of the mednlla 
oblongata. 

The poBtflrioT roots at their entrance into the cord are seen to separate into 
two seta. Of these the lateral, which contains most of the smallest fibres of the 
root, enters opposite the tip of the posterior horn and joins a bundle of fine longitn- 
dinal fibres which lies close to the periphery of the cord in this situation. This handle 
is known aa the marginal fmndle or column of Lismuer. Its fibres, which are 
evidently different from most of those which enter with the posterior root, for they 
acquire their medallary sheath considerably later (Bechterew), appear, as they pass 
vertically, gradually to lose themselves in the adjacent gelatinous substance. The mesial 
get containing the larger and some smaller fibres of the posterior root passes into the 
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posterolateral white colnmn, with the longitudi- 
nal QbreB of which its fibres become cODtinnooa ; 
from this column many of them sweep with 
bold curves into the adjacent grey matter. At 
their entrance into the cord their direction like 
that of the bundles of fibres of the anterior roots 
is in m<»t regions of the cord obliquely upwards. 

Pig. 18. — LoKoiinniiriL aBOTiOK OP 



A, A, fibred of the posterior root ; 6. bifurcatian of 
ODO of theiD in fonn of a Y ; C, D. origin of collateral 
brancbefl ; E, fibres of GoU'a tract, also giring off coUft- 
tonla. 

Collatsnd fibrea of tli« po*t«rior roots 
and of the white colnnmji. — It has been 
deSuitely shown by Kamon j Cajal, whose 
researches into this subject have been coufinned 
by Kolliker and v. Gehuchten, that the fibres of 
the posterior roots as they enter the cord join by 
a Y" <"■ T-shaped junction with longitudinal 
fibres of the posterior column ; in other words 
that they bifurcate as they enter the cord into 
two principal branches which run upwards and 
downwards in the posterior white column or in 
the adjacent part of the posterior corau. It 
has aJso been proved by the same observers 



Kg. 19, — Tbabstibsb bbjtioii of thb oottv 01' A cmoK OH TSB 9th Div (Ramiin j Cajal). 

This Ggtue shoiTB eollaterali pa«eiDg into the gre; matter from all the white columns of the cord. 
They are seen t« form an eepeciallf close pleiae in the posterior horn, jnst withlta the anbatance of 
Solando, and in the poaU'rior commiasure. 

e, central canal ; v, anterior and d, posterior surface of the cord ; p, p, posterior roota. 
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that both from the root-fibre before its bifurcation and from its ascending and 
descending stems there are given off at tolerably frequent intervals "collateral" 
branches which are directed inwards towards the grey matter; into which they 
penetrate for a variable distance and within which they ultimately end by breaking 
up into a ramification of nerve-fibrils which may frequently be seen to have a close 
relationship to cells of the grey matter. In this way collateral fibres are given off 
from the posterior root-fibres and from their longitudinal extensions, some of which 
penetrate as far as the anterior horn of the same side, others pass through the 
posterior commissure into the grey matter of the opposite side, others towards the 
lateral horn and intermediate cell-column, whilst others do not extend beyond the 
posterior horn, passing towards Clarke's column or the solitary cells of the crescent, 
while many end in or near the substance of Rolando. These collateral fibres can 
be seen in sections of the embryonic cord which have been prepared by Golgi's 
method, to pass into the grey matter in large numbers from the posterior columns, 
most of the fibres of which are in fact prolongations of posterior roots which 
have entered the cord. But they are by no means confined to the fibres of the 
posterior columns, for from aU the longitudinal white columns of the cord the 
same convergence of collateral fibres into the grey matter can be seen (see figs. 16 
to 20). 

The passage of coUateral fibres into the grey matter from the white colamns of the cord 
was first noticed by Golgi, who stated that the fibres of the anterior roots also give off in their 
passage towards the surface of the cord fine lateral ramoscles which become lost in the adja- 
cent nervous matter. Other observers have for the most part failed to detect these collaterals 
of the anterior root-fibres. 



OOURSa OF NBBVI1-7IBBIBS WITHIN THB BFINAIi OOBD: OONDUOTINGI- TBAOTa 

It is impossible mechanically to unravel the tracts of nerve-fibres in their passage 
along the spinal cord, and it is exceedingly difficult to trace the same fibre or fibi^ 
for any distance in microscopical sections of the organ. But the task of following 
out the course of certain sets of fibres has been much facilitated of late years by the 
application to the subject of certain special developmental and pathological methods 
of observation. Thus it is found that if the development of the spinal cord is 
carefully observed, the medullary substance of the nerve-fibres is formed later along 
certain tracts of the white columns than in the rest of the white matter, appearing 
first in those tracts which are the immediate prolongations of peripheral nerves, and 
being longest delayed in those which ai'e connected with the higher centres in the 
brain, so that in transverse sections of the cord these non-meduUated tracts are easily 
distinguishable by their more transparent grey appearance and by their different 
behaviour with staining fluids (Flechsig). 

The following list (from Eahler) gives the order of formation of the myelin-sheath in 
the several tracts of the cord : — 1. Fibres in anterior column derived from anterior roots. 
2. Postero-lateral column (its posterior part somewhat later than its anterior part). 3. The 
lateral column near grey matter (the anterior part first, then the narrow posterior part between 
pyramidal tract and posterior horn]. 4. Postero-mesial column. 5. Direct cerebellar tract. 
6. Antero-lateral ascending tract. 7. Pyramidal tracts (shortly before birth). 

Another method by which similar results are arrived at consists in tracing the 
course which the degeneration of the fibres pursues in consequence of a lesion either 
in the encephalon, or in the spinal cord itself, or even in the peripheral nerves ; the 
lesions being produced by accidental injury, by pathological changes, or experimen- 
tally in animals. The degenerations which follow are either the result of the 
Wallerian law that separation of a nerve-fibre from the nerve-cell with which it is 
connected and from which it has grown out is followed by degenerative changes in 
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Fig. 20. — Diagram showing the pro- 

BABLV RELATIONS OV SOME OF THE 
PRINCIPAL CELLS AND FIBRES OP 
THE CEREBRO-SPINAL 8TSTSX TO ONE 
ANOTHER. (E.A.S.) 

1« a cell of the cortex cerebri ; 2, its 
axia-cylinder or nenre-proceas passing 
down in the pyiamidul tract, and giving 
off collaterals, some of which, 3, 3, end 
in arborisations around cells of the ante- 
rior horn of the spinal cord, the main 
fibre having a similar ending at 4 ; call., 
a collateral passing in the corpus caiiosum 
to the cortex of the opposite side ; ttr.y a 
collateral passing into the corpus stria- 
tum ; 5, axis-cylinder process of anterior comu-cell passing to form a terminal arborisation in the end- 
plate of a muscle- fibre, tii. 

6, a cell of one of the spinal ganglia. Its axis-cylinder process bifurcates, and one branch, 7, passes 
to the ])eriphery to end in an arborisation in the sensory surface, s. The other (central) branch bifurcates 
after entering the cord (at 8), and its divisions pass upwards and downwards (the latter for a short 
distance only) ; 9, ending of the descending branch in a terminal arborisation around a cell of the 
posterior horn, the axis-cylinder process of which, again, ends in a similar arborisation around a cell of 
the anterior horn ; 10, a collateral passing from the ascending division directly to envelop a cell of the 
anterior horn ; 11, one passing to envelop a'cell of Clarke's column ; 12, a collateral having connections 
like those of 9 ; 13, ending of the ascending division of the posterior root-fibre around one of the cells of 
the posterior columns of the bulb ; 14, 14, axis-cylinder processes of cells of the posterior horn passing 
to form an arborisation around the motor cells ; 15, a fibre of the ascending cerebellar tract passing up 
to form an arborisation around a cell of the cerebellum ; 16, axis-cylinder process of this cell passing 
down the bulb and cord, and giving off collaterals to envelop the cells of the anterior horn ; 17, axis- 
cylinder process of one of the cells of the posterior column of the bulb passing as a fibre of the fillet to 
the cerebrum, and forming a terminal arborisation around one of the smaller cerebral cells ; 18, axis- 
cylinder process of this cell, forming an arborisation around the pyramidal-cell, 1. 
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the part of the fibre thus separated from that centre {secondary degenerations) ^ or they 
may follow from the prolonged disuse of a nervous tract, especially in young animals, 
as when a limb has been removed or from some other cause (tertiary degenerations). 
The degeneration which follows a lesion of part of the nervous centre, and especially 
section of the spinal cord, is in some tracts above the lesion, in which case the 
degenerated tract is styled " ascending," in others below (" descending ") (see also 
p. 27). The place of the degenerated nervous substance is ultimately taken by a 
non-nervous fibrillar tissue, which, by its difference of behaviour to staining fluids, 
can easily be distinguished from the surrounding undegenerated white substance 
{stage of sclerosis)* In new-born and young animals, after a longer interval, groups 
of nerve-cells are affected by the degenerative processes, and the cells may even 
eventually disappear altogether (v. Gudden). When this is the case it may be 
assumed that they are in connection with the fibres which have been cut ; these 
being probably the axis-cylinder processes of the cells. 

ThuR in a rabbit in which immediately after birth the sciatio trunk is resected, when the 
animal is full-grown the corresponding anterior comual cells are found to have become 
atrophied, and similar results are obtained with motor nerves generally, both spinal and 
cranial (y. Gudden, Forel, Ganser, Mayser). 

Tracts of the antero-lateral column. — Several tracts can by these methods 
be traced in the antero-lateral column, not only along a great part of the spinal cord, 
but into or from certain parts of the encephalon. The long tracts in this column 
are the direct and crossed pyramidal {descending)^ the antero-lateral or ventro-latercU 
ascending, the antero-lateral or ventro-lataral descending, ^and the dorso-laterdl 
ascending (or direct cerebellar). 

Descending tracts in the antero-lateral column. — The pyramidal tract 
is directly traceable down from the opposite pyramid of the medulla oblongata, and 
ultimately from the cerebral cortex (Kolandic region). The gneater number of the 
fibres which compose the pyramid cross at the upper limit of the spinal cord, down 
which they pass in the posterior part of the lateral column aa a compact bundle of 
fibres occupying in transverse section a somewhat triangular area, which Hes in the 
angle between the posterior horn and the outer surface of the cord, but is in most 
parts separated from both by fibres belonging to other systems. This lateral or 
crossed part of the pyramidal tract (figs. 14 and 24), can be traced as far as the third or 
fourth pair of sacral nerves, becoming gradually smaller below and approaching the 
surface of the cord. 

A few fibres of the pyramidal tract are found scattered in other parts of the 
antero-lateral column. 

Some of the fibres of the pyramids of the medulla oblongata do not decussate at the 
upper limit of the cord. These pass down close to the anterior median fissure, forming 
the anterior or direct portion of the pyramidal tract (fig. 14) {column of Turck), which 
gradually diminishes as it is traced downwards, and usually ceases altogether at 
about the middle of the dorsal region of the cord. It is probable that the decus- 
sation of these anterior pyramidal tracts goes on along their whole course, their 
fibres passing through the anterior commissure and through the grey matter of the 
opposite side to reach the lateral pyramidal tract on the other side of the cord. 

There is much variation in the development of the anterior pyramidal tracts in different 
individuals. In some they are so well marked as to form a visible prominence on the surface 
of the cord close to the anterior median fissure and separated from the rest of the anterior 
column by a groove, the anterior intermediate sulcus of Kauber. In others they are quite smalli 
or may even fail altogether. In this case it may be assumed that the decussation of the pyra- 
mids, which is known to be subject to considerable variation, has been more complete than 
usual In other cases again the anterior pyramidal tracts may be unsymmetrical, beinc 
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more developed on one side than on the other, or the tract on one side may be wholly nnde- 
yelox>ed. The direct tract is said to be wanting in 16 per cent, of cases in man. In different 
animals there is also much variation in the i)osition and size of the pyramidal tracts. A 
well-marked direct pyramidal tract appears to be absent in most animals, even in monkeys. 
In some (monse, rat, gninea-pig) the pyramidal tracts are in the posterior columns, but in 
most animals (rabbit, cat, dog) they nin in the lateral colnmns as in man. The fibres of the 
pyramidal tract are probably connected with the anterior horn by collateral fibres, which ramify 
amongst the large cells that give origin to the anterior nerve-roots (figs. 16, 20). 

The pyramidal tracts are undoubtedly the paths by which voluntary impulses pass from 
the brain to the various spinal segments. All the fibres within the area embraced by the 
" tract " are not, however, of the same nature, although fibres of the one function predominate : 
and this is probably correct of all the so-called " tracts " of conduction. 

There are at least two descending tracts in the antero-lat^ral column, besides the 
direct and crossed pyramidal One, the sntero-lateral descending cerebellar 
tract (anterior marginal bundle of Loewenthal), consists of fibres which are connected 
with cells in the cerebellar cortex of the same side, and which undergo degeneration 
on removal of the corresponding half of the cerebellum (Marchi). These fibres form 
an extensive circumferential tract in the anterior three-fourths of the antero-lateral 
column, spreading inwards in front of the crossed pyramidal tract to reach the 
intermedio-lateral tract of the grey matter. The tract which is thus marked out 
(see fig. 26, p. 32) embraces (in the dog) the part of the anterior column which 
in man is occupied by the direct pyramidal tract, and also the whole region of the 
tract of Gowers (see below), the fibres of these two tracts being intermingled. Some 
of the fibres of the anterior roots also exhibit degeneration after removal of the 
cerebellar hemisphere, and are therefore probably directly continued from fibres of 
this tract. 

In the monkey a few fibres in this column degenerate after lesions of the cerebral 
hemisphere of the opposite side. They are intermingled with those of the descending 
cerebellar tract and with those of the tract of Gowers, and are connected with cells 
in the Kolandic region of the cerebral cortex, as shown by the fact that they 
degenerate after lesions of that region. These fibres may perhaps be regarded as 
belonging to the system of the direct pyramidal tract, which in the monkey does 
not exist as a well-marked tract as in man : it hafls not yet been ascertained whether 
they occur in man as well as the direct pyramidal. 

Ascending tracts in the antero-lateral colnmn. — The dorso-lateral 
ascending cerebellar tract {direct lateral cerebellar tract of Flechsig) (fig. 14) lies 
between the lateral pyramidal tract and the outer surface of the cord, occupying a 
somewhat narrow area of the transverse section, which in the upper regions of the 
cord reaches to the tip of the posterior horn, but lower down becomes more limited, 
and is separated from the horn by the intervention of the adjoining pyramidal tract. 
It begins to appear at the lower dorsal region in man, and is then seen in all sections 
of the cord and lower part of the bulb, passing eventually by the restiform body 
into the cerebellum (middle lobe) (see fig. 27, p. 83). 

It is found that there are a few fibres scattered through the neighbouring parts 
of the lateral column which, from their development simultaneously with those of 
the cerebellar tract, should be apparently reckoned with it. The axis-cylinder 
processes of the cells of Clarke's column are said to give origin to the fibres of the 
dorso-lateral cerebellar tract. The fibres of this tract acquire their medullary sheath 
somewhat earlier than those of the pyramidal tract. They are also considerably 
larger. 

The ventro-lateral or antero-lateral ascending cerebellar tract {antero- 
lateral ascending tract of Gowers) occupies a position in the sectional area of the 
lateral column which is anterior or ventral to the dorso-lateral cerebellar tract, and 
it has in section an arched shape curving from immediately in front of the crossed 
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pyramidal tract (where it is most strongly marked) round the snpei^ficial part of the 
lateral column in front of the dorso-lateral cerebellar tract, and tailing off gradually 
between the issuing anterior roots to reach the anterior column. It can be traced 
upwards into the medulla oblongata and pons Varolii (fig. 27), and eventually enters 
the cerebellum along with the superior peduncle, passing mainly to the vermis. It is 
uncertain from what cells the axis-cylinders of its constituent fibres spring, but it 
is probable that they arise from some of the cells of the posterior horn. Its fibres 
are intermingled with those of the descending cerebellar tract. 

The remainder of the antero-lateral column which is not comprised in the above 
tracts encircles the anterior cornu ; it is termed the sntero-lateral groxmd-biuidle. 
It varies in sectional area with the size of the nerve-roots and of the grey matter, 
and many of its fibres not improbably are of a commissural nature, serving to 
connect the grey matter of different segments of the cord. It receives fibres also 
from the grey matter of the other side through the anterior commissure (fig. 15, B, 
a,c,)y and is in part composed of fibres of the anterior roots which course for a 
certain distance obliquely within it before leaving the cord. Many intersegmental 
fibres also occur scattered amongst the fibres of the long tracts. 

Tract of Liasaner. — At the posterior part of the lateral colunm, close to the 
entering fibres of the posterior roots and directly derived from them, there is 
constantly to be seen a well-marked bundle of fine nerve-fibres, which was first 
described by Lissauer, and since by Bechterew and others. It is not always confined 
to the lateral column, but may extend into the postero-lateral column. 

Tracts of the posterior white colnmn. — This column is mainly composed 
of two long ascending tracts, viz., the tract ofOoll, which about corresponds with 
the postero-mesial column, and the tract of Burdach^ which embraces the remainder 
of the posterior column. In the lower part of the cord these two tracts are not 
marked off from one another in the adult, but from the middle of the dorsal region 
upwards the postero-mesial column is separated from the postero-lateral by a septum 
of pia mater. Of the two parts of the posterior column the tract of Bnrdach is 
mainly composed of rather large fibres which are joined by, i.e., are continuous with, 
the large fibres of the entering posterior roots. After a certain course, in which they 
give off numerous collaterals to the grey matter, they appear to enter the grey matter 
and to come into intimate relationship, although not into actual continuity, with its 
cells, especially those of Clarke's colnmn. The fibres of the tract of OoU, on the 
other hand, are for the most part of smaller diameter. They also are derived from 
posterior root-fibres, but instead of soon entering the grey matter of the cord many 
of them run up the postero-mesial column into the medulla oblongata, where they 
terminate amongst the cells of the nucleus gracilis. 

The oolnxnn of GoU in the embryo shows a distmction into two parts, one mesial, close to 
the posterior median fissure, and a dorso-lateral part, lying near the dorsal surface of the cord 
(Flechsig). 

Descending fibres of the posterior column. — In the middle of the 
sectional area of the postero-lateral column a few fibres are constantly found, 
which undergo descending degeneration after lesions of the cord. These are often 
described as constituting a special tract {" comma '* tract), but they are a good deal 
intermingled with fibres of the adjacent ascending tracts. Whether they originate 
from cells higher up in the cord or are derived from the descending branches 
of the posterior root-fibres is uncertain. The latter, it may be remembered, extend 
a certain distance down the cord from the Y-shaped division of those fibres, giving 
ofi^ collaterals to the grey matter, and ultimately themselves turning into the grey 
matter. The extent to which these descending branches of the posterior roots may 
pass down the cord has not as yet been determined. 
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DJCaXNIBRATIONB IN THX 8FINAI1 OOBD AS TH3C BSBUIiT OF LBSIONS. 

It necessarily results from the Wallerian law of degeneration of nerve-fibres 
(Vol. I., p. 356) that every lesion of the nervous system in which fibres are cut or 
crushed must be followed by degeneration of nerve-fibres either above or below the 
lesion according to fhe position of the cells from which the fibres have originally 
grown, and which serve throughout life to maintain the nutrition of the fibres with 
which they are connected. Any such degeneration which occurs above the lesion is 
usually termed " ascending," and below the lesion " descending." 

These terms must not be taken to imply, or ib erroneously done by some authors, either that 
the degeneration starts from the lesion and extends upwards or downwards along the fibres, 
or that the nervous impulses which the fibres conduct necessarily have an ascending or a 
descending direction. For it is known (1) that the degeneration in the peripheral part of a 
cut nerve-fibre occurs simultaneously along its whole course; (2) that a nerve-fibre may 
undergo " descending " degeneration, although it normally conveys ascending impulses, e.g., 
the peripheral afferent nerves. 

Since the terms ascending and descending as applied to nerve-degeneration lead to much 
confusion of ideas it would be better, if possible, to discard them and to adopt words which 
merely imply that the degenerative process occurs above or below a lesion. But unfortunately 
those terms have taken such deep root in the literature of the subject that this course 
would be very diflicult, and might lead to even worse confusion than their retention. 

Similarly, if the nerve-cells from which the fibres are thus derived are removed 
or destroyed, the fibres, with any branches which they may give off, will degenerate 
along their whole course. Hence any tracts of fibres in the spinal cord which are 
derived from cells in parts of the brain, degenerate on destruction of those parts. 
Further, those fibres which have grown into the spinal cord or brain from nerve-cells 
situated external to those organs (e,g., the fibres of posterior roots of spinal nerves and 
corresponding fibres of cranial nerves) will, if cut between the spinal cord or brain 
and the ganglion-cells from which they are derived, undergo degeneration from the 
point of section, not only as far as the surface of the central organ, but also along 
their whole course within that organ, and the degenerative process will include all 
their branches. Thus much having been said to explain the meaning of the results 
which are obtained by the study of nerve-degenerations, we may proceed to consider 
the degenerations which occur within the spinal cord : (1) from section of the pos- 
terior roots of the nerves ; (2) from lesion or removal of parts of the brain ; (8) from 
section or other lesion of the spinal cord itself. 

1. Degenerations resulting from section of the posterior roots. — These 
have been investigated in the dog by Singer and Kahler, in the monkey by Mott 
and Tooth. It is convenient in describing the effect of sections of the posterior 
nerve-roots to consider them in the sacro-lumbar and in the dorso-cervical regions 
respectively, although the course of the degenerative process is essentially similar in 
both. 

(a.) Section of the posterior roots of the sacro-lumbar nerves, — This has been 
most satisfactorily investigated by Singer in the dog and by Mott in the monkey. 
Section of these nerves, e.g., of the whole cauda equina, is followed by " ascending '* 
degeneration in the posterior column of the same side along the whole length of the 
spinal cord and as far as the nucleus gracilis of the medulla oblongata. But the 
degeneration does not occupy the same position and extent in every part of the 
cord. At the lowest part it involves the whole of the posterior column (fig. 21, a), 
but as soon as a point is reached at which uncut nerve-fibres enter the cord, these 
now occupy the part of the column nearest the horn of grey matter, while degenerated 
fibres are seen in that part only which is nearest the posterior median fissure (b). 
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In this Bitnation they paas np the cord, diminishinf^ in number, at first rapidly and 
afterwarde more slowly, until at length a relatively small tract of degeneration is 
found, occupying the poatero-mesial angle of Goll's tract, in which it runs to the 
nucleus gracilis (fig. 21, c). 

(b.) Section of tlie posterior roots of the dorsal and cervical nerves. — Alter section 
of one or more of theae roots degeneration occurs immediately above the section in 
the part of the postero-lateral column which is next to the posterior horn (figs. 2-2. 
23, a). Somewhat higher up this becomes separated from the horn by other nncut (aud 
therefore nndegenerated) nerve-root-fibres, and approaches the postero-mesiiU column. 
Still higher it is found to have reached that column, where it is represented by a smaller 





Fig. 22. — DlAORAH OF DMIintRATIOIIS f< 
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a at tbe level of the twelfth tboracic ; b, at the third thoracic ; c, at the middle of Uie 
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I, itt the level of the first thoracic ; b, at the sixth cervicul ; c, st the first cervical. 
(Figs. 21, S2, and S3 are copied from Toldt'g " GewebetehTe.") 



tract of degeneration, which in section lies obliquely across the column. With 
regard to this degeneration in the postero-mesial column it is to be noted that while 
that which results from section of the lower (lum bo- sacral) roots occupies in the 
higher parts of the cord the postero-median angle, as above deBciibed, the degene- 
ration resulting from section of dorsal roots lies next to this, that resulting from 
section of lower cervical roots passes up GoH'a column in its lateral part next 
to the column of Burdach, and finally that resulting from section of upper cervical 
roots is confined to Burdach's column, and ends in the nucleus cuneatus of the 
medulla oblongata. In other words, the lower the root the more mesial is the 
resaltJDg long degeneration in the higher parts of the cord and in the medulla 
oblongata. The fibres, as they enter the coixl with the posterior nerve-roots, form 
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in fact a succession of lamellar tracts, which lie in each case at first next to the 
posterior cornu, and become gradually shifted medianwards by those which enter 
the cord with the higher nerve-roots. 

It is further to be noted that in all cases the degeneration falls off 
markedly in amount as we trace it up the cord, and that what remains is 
eventually confined to a part of the posterior column which contains normally 
fine or medium-sized fibres only. From this it may be inferred that the larger 
fibres of the posterior roots — which in fact form the bulk of those roots — have 
A relatively limited course after entering the cord. They probably end by their 
collateral branches, and ultimately by their main ascending branches, turning into 
the grey matter and breaking up into terminal ramifications in the fine interlacements 
of nerve-fibrils which occur in the neighbourhood of the nerve-cells and cell-groups. 
These terminal branches and the nerve-fibrils which result from their ramifications, 
should also, of course, from the Wallerian law, degenerate after section of the roots, and 
there is no doubt that they actually do so, although from their scattered coarse in 
the grey matter it is difficult to prove the fact. It has, however, been shown by 
Mott that after section of the lower posterior roots, the fine nervous interlacement 
which surrounds the cells of Clarke's column disappears for some little distance 
above the entrance of the cut nerve-roots, and it may therefore be fairly inferred 
that some of the fibres of the posterior roots give origin directly and by collaterals 
to this interlacement. Others, probably, are similarly related to other cells, both in 
the posterior and anterior horns of the same side, and even on the other side of 
the cord, for it will be remembered that ramifying collaterals can be traced irom the 
posterior root-fibi'es to all these parts (see figs. 16 and 20). Thus all the larger and 
some of the smaller ^ fibres of the posterior roots gradually end as they are prolonged 
up the cord, until finally only those remain which pass up the postero-mesial 
column towards the medulla oblongata. Even these become gradually diminished 
in number, no doubt &om the fact that some of them terminate in the grey matter 
as they proceed. 

It will further be remembered that the fibres of the posterior roots divide on 
their entrance into the cord into two main longitudinal branches, ascending and 
descending. Of these the ascending only has been traced by the above degenerations, 
but the descending branch must also undergo degeneration. It is, however, not 
easy to trace out its course. The only known "descending" degeneration in the 
posterior columns is along the narrow curved tract in the postero-lateral column 
which is known as the *' comma," but would be better termed the posterior 
descending tract. Mott has found that this degeneration results not only in sections 
of the cord, bat also after section of posterior nerve-roots, and that it has a 
limited extent, one or two centimeters only. It is therefore not improbable that 
this degeneration may represent the descending branches of the cat posterior root- 
fibres (cf. p. 26, and fig. 20, 8 to 9). ■ 

It will be convenient here to sum up what is known or may be inferred as to the course 
ot the fibres of the posterior roots within the oord as determined by anatomical, embryological 
and experimental (degeneratiye) methods. (1.) Each fibre on entering the cord divides into 
an ascending and a descending branch, which form the longitudinal fibres of the posterior 
column. Both from the root-fibre before division and from the branches, collaterals come off 
which lose themselves in terminal ramifications enveloping nerve-cells in the grey matter. 
Probably also after a longer or shorter coarse the main branches terminate by passing in like 
manner into the grey matter. (2.) From each root on entering the cord a lateral bundle of 
smaU fibres (Lissauer*s bundle) is given off. which lies partly lateral and partly mesial to 
the apex coma posterioris, while the remainder of the root forms a large lamellar bundle of 
mixed large and small fibres which run longitudinally in the postero-lateral column close 
to the coma of grey matter. (8.) From this lamellar bundle many fibres pass apward 

1 Those of Lissaaer's bundle. 
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along: the whole length of the cord, beinfr gradually shifted inward towards the postero- 
mesial column, and forming a« they reach this colamn the tract of Groll, which bocomes the 
funioulos grnciliB in the medulla oblonirata ; from the tract of OoU the fibres eventually 
pass, some into the frrey mattfr of the npper part of the spinal cord, others iota grey matter 
in the nncleus gracilis of the bulb, whilst yet others derived from the uppermost 
cervical roote do not reach tlie tract of Goll tmt pass up to the bulb in the f uuicnlns cuneatos 
and end in ids nucleus. (4.) The remainder of Uie fibres whioh have entered by the 
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posterior roots have only a limited coarse up the postero-lateral column, passing, as they 
ascend, into the grey matter, in which they and their collaterals form the fine nervous 
plexus around many of the nerve-cells which has been already mentioned. From some of 
the larpre fibres the plexus around the cells of Clarke*s column (and perhaps also around 
the cells of the nucleus cuneatus of the medulla oblongata) is in this way formed, whilst 
others furnish an enveloping plexus to the cells of the anterior horn and to those of other 
parts of the grey matter. (5.) The descendinp: main branches of the posterior root-fibres 
have, like many of the ascending branches, only a limited course, during which they give off 
collaterals, by means of which, and also ultimately by directly passing into the grey matter, 
they assist in forming the enveloping plexus around the nerve-cells of the segments of the 
cord immediately below that at which the parent root has entered (compare figs. 16 and 20). 

2. Degenerations in the spinal cord resulting from lesions of parts of 
tlie brain. — Removal of the cortex of the so-called "motor" region of the cerebral 
hemisphere is followed by degeneration extending along the pyramidal tract in the 
brain and cord (fig. 24). In the spinal cord this tract has for the most part crossed 
to the opposite side, but in man a portion rans for a time as the direct tract along 

Pig. 25. — Diagrams suowikg the deobneratioks in the spinal cord ^ 

WHICH result from REMOVAL OP PORTIONS OF THE CEREBRAL CORTEX 

OF THE MONKET. (France.) 

A, npper thoracic cord from a monkey in which the left marginal 
gyms had been removed some months before death. Sclerosis in both 
crossed pyramidal tracts, bat most on the opposite side. 

B, mid-thoracic cord from a monkey in which the right gyrus fomicatus 
had been destroyed some months before death. Sclerosis in the opposite 
pyramidal tract. 

B 

the anterior median fissure on the same side as the lesion (fig. 
14). Although this direct pyramidal tract is usually considered 
to be confined to the anterior column, it is found in the 
monkey as the result of lesions of the motor regions of the 
cortex that there are a few scattered fibres in the circum. 
ferential part of the antero-lateral column which also under, 
go degeneration (descending cerebral fibres of the antero- 
lateral column, see p. 25). The crossed tract lies in the posterior part of the 
lateral column between the direct (dorso-lateral) cerebellar tract and the posterior 
horn, and in this situation the degeneration can be traced downwards, decreasing 
in amount, and, in the lower parts of the cord, with the disappearance of the 
dorso-lateral cerebellar tract, approaching the surface of the cord near the tip of the 
posterior horn. In the cervical region the crossed pyramidal degeneration may reach 
the surface of the cord in front of, i,e., ventral to the dorso-lateral cerebellar tract, 
which is partly enclosed by the degenerated fibres ; this, at least, is the case in the 
monkey (fig. 25, A). After a unilateral lesion of the cortex there is also a certain 
amount of degeneration in the lateral tract of the cord on the same side as the lesion. 
This is especially the case when the lesion has involved the marginal convolution 
(fig. 25, A). These are not, as might be supposed, fibres which have passed from 
the pyramid of the medulla oblongata directly to the lateral column of the same 
side of the cord, but they may be traced from the lesion of the cerebral cortex 
across the corpus callosum into the internal capsule of the opposite side, whence 
they run down the crusta and pyramid bundles of the pons and bulb to re-cross at 
the decussation of the pyramids, and thus to reach the pyramidal tract of the 
cord on the same side as the lesion. Although most numerous in the higher 
parts of the nerve- centres, a few of these re-crossed fibres are found to extend right 
along the spinal cord. 

On the other hand, section of the pyramidal tract in the cord of the new-bom animal is 
foUowed by atrophy of the large ceUs of the " motor " area of the cortex (v. Monakow). 
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DesCruction of the gyroB fomicstne of one bemiBphere is also followed by degeneration 
extending down the pyramidal tract, although the gyruB fornicating cannot be reckoned in 
with the '' motor" region of the cortex oeiebri, but rather appears to be connected with the 
appreciation of aensoiy improBaions, Since, however, it is not possible to cut away tto gyruB 
fomicatiu without pushing aside and thus eomewhat injuring the motor cortex, it may 
be alleged that the degeneration in question is really the result of such injury to that cortex. 
Iveverthelesa there is no Berious improbability in supposing that afferent as well as efferent 
fibres are conveyed along the conrse of the pyramidal tract. Indeed, bo far as experimental 
evidence upon animals is of value in determining the course of afferent impressionB along the 
cord, it ia ratlier in favour of some kinds at leaet of those impresBious passing up tbiE part of 
the lateiat column. 

Marohi and Algieri found extensive degeneration in the tracts of Bnrdach after remoTal of 
e, part of the cortex a little behind the motor urne in the dog, and also after removal of the 
occipital lobe : in the latter case combined with some degeneration in Goll's column. Singer 
and Munzer were unable to confirni these results. 

Sherrington finds, after removal of partij of the cortex cerebri, a few scattered degenerated 
fibres in the anterior and lateral comua of the spinal cord (and also in the grey matter of the 
pons and in the substantia nigra of the orus cerebri). The same observer has noticed that 
even when the corticsl lesion is entirely confined to the ao-called " arm-area " of the cortex, a 
certain number of fibres are found to degenerate right down the pyramidal tract of the oppo- 
site Bide, even as far as the lumbo-sacral r^on. 

3. DegeneratioBa in the spinal cord reanltiiiff fnau Issions of the cwo- 
bellom.-^-TheBe have been deEcribed by Marchi, who has found, as above mentioned 



(p. 2S), that removal of one lateral half of the cerebellum 
in the dog Ib followed bj degeneration extending down the 
circumferential part of the antero-Iateral column. The 
degeneration is most extensive in the upper regions, and 
gradually lessens in the lower pB,rt« of the cord, but can 
be traced almost to its termination. It also extends 
along some of the fibi'es of the anterior roots, thus indicating a direct connection 
between these and the cerebellar cortex {fifr. 26, a, d). 

i. Bagenexatioiis resulting from lesions of the cord itself. — a. Sec- 
tion of the spinal cord in any part is followed by certain degenerations above 
and certain below the section. These may be classed as I, Short degenera- 
tions which extend only a limited distance above or below the plane of section ; 
and 2, long degenerations which extend an unlimited distance upwards or downwards 
in the cord. Of the short degenerations, the most marked are in the anterior 
column and the anterior part of the lateral column neai- the grey matter (antero- 
lateral ground-bundle), where there are seen numerous scattered degenerated fibres 
both ascending and descending ; they probably are due to the section of fibres 
which serve to connect cells of one segment of the cord to the grey matter of 
other segments above or below. Of the long degenerations, the '* descending " 
ones are those of the pyramidal tracts, crossed and direct ; the descending 
cerebellar tract of the an tcro- lateral column, and, for a few centimeters, the small 
descending tract (comma tract) of the posterior column ; the "ascending" are in 
the posterior column, where they are the same as would have resulted from section 
of all the posterior roots below the point of section, and in the lateral column in 
the situation of the direct (dorso- lateral) cerebellar tract and of the antero-latentl 
ascending tract. The continuation of these towards the brain has already been 
mention^ (p. 25) and will again be referred to in conne<d>ion with the medolla 
oblongata and pons Tarolii, 
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If the Bection of the cord is confined to one lateral half the tracts of.degeneratioD 
are limited to the side of the bemisectiOD, bnt a few degenerated fibres are seen in 
the correBpoudiug tracte upon the other side above the hemisectiou (fig. 27). 

L-a7rtba.r 





Pig. 27. 
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— DEKBNlEiTIOKS III , .__. ... 

'as on the left side of the cord and complete. The eectioD -outlines drawn Ut one 
iciila. The degeaerated Gbree ahown by black data. Those in the section of the 
lumbar cord are descending, all the rest are aacending. pj/. , pyramidal tract ; rf.a.f., deaceuding antero' 
lateral tract ; d.a.c, dorso-lateral ascending cerebellar tract ; d'.a'.c'. (in Pons III.), degeneration of 
fibres of this tract in the white matter of the cerebellar worm ; -e.a.c, ventro-lateral ascending cere- 
bellar tract (Qowcr's tract) ; v'.a'.c'. (in Pons II. and III.), desensrated fibres of this tract passing 
dotsallj into the lal™ of Viauaaena (in Pons III. ) and into the white matter of the TenJIiB (in Pons II. ) ; 
».///., n.r,, ji.77., n.VJI., isBuiog fibres of the 3rd, 5th, 6tli, and 7tli nerye-roola ; e./F., «h ' 
Tentricls. 

Nearly all tbe degeneration ia on the same aide aa the lesion. A few Gbrei are degenarated on the 
opposite side (perhaps from a alight accidenUl injury of that aide of the cord). 
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Aooording to L. Anerbach destmctioii in the cat of a considerable length of the posterior 
part of one half the spinal cord, including the posterior white column, the posterior horn of 
grey matter, and the posterior part of the lateral column, is followed bj degenerations (ascend- 
ing) in the dorsal cerebellar tract and antero-lateral remainder of the opposite side, with degene- 
rated fibres in the anterior commissure (besides the well-known ascending degenerations of the 
gam^ side). The number of degenerated fibres diminishes gradually as they are traced upwards. 
In the medulla oblongata they are few in number and mostly on the side opposite the lesion, 
dorsal to the olivary nucleus ; a very few on the same side dorsal to the nucleus lateralis. 
The degeneration following a lesion in the lumbar cord is in theventro-lateral (antero-lateral) 
tract, and is traceable up to the ventral part of the superior worm of the cerebellum ; the dorso- 
lateral cerebellar tract ends more dorsally, also in the superior worm. Some degenerated fibres 
pass through the corpus dentatum cerebelli into the dorsal -part of the superior peduncle. 

b, Destrv-ction of t?ie grey matter of the gpivial cord, — This lesion can be experimentally 
produced in the rabbit by compression of the aorta, lasting for about an hour (Ehrlich and 
Brieger). The immediate result of the experiment is to cause necrosis of all the nerve-oells 
in the lumbar region of the spinal cord, without immediately affecting the white matter or 
the nerve-roots, a condition which is followed in the course of a few days by degeneration of 
certain fibres, which may be assumed to be those which emanate from tiie necrosed cells. 
If the animal is kept until this degeneration is well marked and is then killed and the 
cord examined in sections, it is found that in the necrosed region and immediately above 
it there is extensive degeneration in all the white columns of the cord, but least in the pos- 
terior columns and in the i>osterior parts of the lateral columns, where the long tracts of con- 
nection with the brain are situated. In sections taken higher up and well above the r^ion 
of necrosis this diffuse degeneration has disappeared, but there is well-marked defeneration 
along the whole length of the cord in i;he tract of Goll and in the antero-lateral ascending 
tract. It has been inferred, therefore, by Singer and Munzer that these tracts contain long 
fibres which are derived from the cells of the grey matter (of the lumbar region). 

c. Destruction of the cells of Clarke's coht/am along a certain length of the cord is followed 
by well-marked '* ascending " degeneration in i^e dorso-lateral (direct) cerebellar tract (Mott). 
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THE MEDULLA. OBLONGATA AND PONS VAROLU. 



THE BRAIN OB ENCEFHAIiON. 

The brain or encephalon comprises the medulla oblongata and pons Varolii, the 
cerebellum, the mid-brain, and the cerebrum. The medvlla oblongata (fig. 28, d) is 
the part continuous with the spinal cord ; it is the lowest part of the encephalon, 
and rests against the basilar process of the occipital bone. The pom Varolii (c) is 
a direct continuation upwards and forwards of the medulla oblongata, but the name 
also includes the transversely coursing fibres of the middle cerebellar peduncle. The 
cerebellum (b) occupies the posterior fossa of the cranium. Its central part forms the 
dorsal boundary of a space, which is bounded ventrally by the dorsal surface of the 
medulla oblongata and pons Varolii, and which is named the fourth ventricle of the 

Fig. 28. — Plan in outline of thi bn- 

OBPHALON, AS SBEN FROM THB RIGHT 
SIDB. \ 

The parts are represented as separated 
from one another somewhat more than 
natural so as to show their connections. 
A, cerebrum ; e, fissure of Sylvius ; B, 
cerebellum ; C, pons Varolii ; D, medulla 
oblongata ; a, peduncles of the cerebrum ; 
b. Of df sui)erior, middle, and inferior 
peduncles of the cerebellum ; the parts 
marked a, b, form the isthmus enoe- 
phali. 

brain. The cerebellum is con- 
nected by peduncles below with 
the medulla oblongata, above with 
the cerebrum, and in the middle 
with the pons Varolii (c). The 
mid-brain is continued from the 
pons Varolii and comprises the two crura of the cerebrum (a), which are surmounted 
in man and mammals by two pairs of tubercles named the corpora quadrigemina {b\ 
but in oviparous vertebrates by one pair only, then named the corpora bigemina or optio 
Jobes, The cerebrum (a) includes all the remaining and by far the largest part of 
the encephalon. It is united with the parts below by the mid-brain, which forms a 
comparatively narrow and constricted portion or isthmus. The cerebrum is mainly 
composed of the large convoluted cerebral hemispheres^ and within it are the thii'd 
and two lateral ventricles. It occupies the vault of the cranium, the anterior and 
middle cranial fossae, and the superior fossse of the occipital bone. The cerebral 
hemispheres are united together by a large commissure termed the corpus callosum, 
and by smaller commissures (anterior, middle, and posterior). 




THE MEDULLA OBLONGATA AND PONS VAROLII. 

XXTSBNAIj OHARACTIDRS. 

The medulla oblongata or spinal bulb {bulbus rhuchiticus^'^QC^^X) is continuous 
below with the spinal cord, on a level with the lower margin of the foramen magnum. 
Its upper limit is marked off on the ventral aspect from the pons Varolii, into which it 
is continued above, by the lower margin of the mass of transverse fibres which unite 
the two hemispheres of the cerebellum ; its ventral surface rests in the basilar groove 
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of the occipital bone, its doreai or posterior Burface is directly continued into that 
of the pons, and lies in the fossa named the valiecnla between the hemispheres of 



Pig. 29.— ElOHT HiL» 01- THB BRilH PIVIDU 

MurcM and from nature), (Ailed ThomsoD. ) ( 

1 , 2, 3, 3a, S£, are placed on conrolutions of tfas cerebrum ; 4, tbe fifth ventricle, and abore it ths 
divided corpufi coUoeum ; E, the third ventricle ; 5', pitaitar; body ; 6, eorpoia quadrigeminaand pineal 
gland ; + , the fourth ventricle ; 7, poiia Varolii ; 8, medulla oblongsta ; 9, cerebeUum ; i, the olfactoiy 
bnlb ; IT, the right optic nerve ; ill, right third nerve. 

the cerebellum. From its front and sides the sixth to the twelfth cranial nerves issue, 
while the fifth nerve emei^ea from between the commissural fibres of the pons. 

The term medulla oblougato, aa employed b; Willis and Yieiuseiis, ftud by tho«e who 
directly followed them, included the omra cerebri and ponti Varolii, aa well as that part to 
which by Haller first, and by moat sabseqaeut vrriters, this term haa beea restricted. 



"< "t pyramidE ; 5, their decuaaaticn ; i?, c, olives : d^ d, 
restiform bodiea ; e, external arcifonu fibres, curving round the , 
lower and of the olife ; /, fibres describe<l by Solly as passing 
from the aaterior colnmn of the cord to the cerebeltum ; g, 
anterior column of the spinal cord ; A, lateisl eoluma ; p, 
pons Varolii ; i, its upper fibres ; v, v, roots of the fifth pair of 

The combined mass of the medulla oblongata 
and pons has an oblong or rhomboidal form, being 
expanded in the middle, where it is continuous 
with the crura cerebelli, and tapering towards the 
spinal cord below and the mid-brain above. The 
transversely coursing fibres of the cerebellum pro- 
duce a considerable prominence ((wJer annulare) on 
the ventral surface of the upper or pontine part of the 
mass ; these fibres are arched upwards so as largely 

to conceal the crura cerebri from the ventral aspect. The length of the medulla 
oblongata &om the lower part of the decnssatton of the pyramids to the pons is 
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nearly an inch (20 to 24 xara.), its greater breadth is about three-fourthB of an inch 
(17 to 18 mm.) ; ita thickness, from before backwards, is rather less (15 mm.). In 
the lower part where it joins the spinal cord, ita diameters differ but little from those 
of the oord. The pons Varolii is about an inch long and rather more than an inch 
broad ; it is considerably thicker than the mednlla oblongata. 

The antaior and posterior median fissures which partly divide the spinal cord 
are continued into similar fissnres in the mednlla oblongata. The anterior fissure 
terminateB immediately below the pona in a recess, the faramm, cacum of Yicq 
d'Azyr ; it is partly interrupted below by the decnssating bnndles of the pyramids ; 
the posterior fiaaore is continued npw&rds to about the middle of the bnlb, it ceases 
at the lower end of the fourth ventricle. 

The strnctore of the mednlla oblongata and pons will be moet easily made clear 
by tracing the several parts of the spinal cord upwards. 

In doing this it wiU he fonnd that the relative position and extent of many of 
the parts are gradually altered, and that other parts which are not, so &r as is known, 
represented in the spinal cord, become interpolated between those which are there 
met with. It will further be found that the change of relative position of the parts 
is largely owing to two causes. In the first place the sudden passive of large 
bandies of meduJlated fibres from the posterior pare of the lateral colnmn of the cord 
to the opposite side of the anterior median fissure appeare to break up to a great estent 
the greymatter of the anterior horn, which is traversed by the bundles. In the second 
place the opening up of the central canal and separation of the lipe of the posterior 
median fissnre bring the grey matter to the surface in the fourth ventricle, whilst the 
posterior horn is coincidently shifted to the side, much in the same way as it would 
be if a median incision were made from the posterior surface of the spinal cord into 
the central canal, and the two lateral halves were then turned outwards so that the 
sides of the posterior median fissure became the posterior surface of the oord. 

The lines along which the cranial nerve-root« issue from the sides of the bnlb 
mark the surface of the latter off into three chief columns on either side, which may 

I'ig. 31. — SscnoR or dppir m> or bphul oobd at tbi jihkitioh 
(After LocUiBTt CUrlu.) 



/, anterior; fp, poeterior Gnani; p, end of decuBntion of pynmiilB ; 
Cla, CIp, anterior and posterior Tools of lint cerTic&l nerre ; XI, mol 
' ■ ' B ; c, central eanal. 



be termed dorsal, lateral, and ventral respectively. Thus 
the spinal accessory or eleventh crenio) nerve (figs. S2, 34, 
35, XI) begins to take origin as far down as the lower 
end of the cervioal region of the cord where its roots issue 
from the side of the oord, and lateral to the posterior rootfl of the cervical nerves 
(fig. 31). At the upper end of the cervical region, however, they are approached by 
the line of the posterior roots, and some of their bundles arise in conjunction with 
the posterior roota of the first and sometimes of the second cervical nerve. They are 
sncceeded by the bundles of the vagus root, and these again by those of the gloeso- 
pharyngeal. ■ At the junction of the pons with the medulla oblongata the seventh 
nerve also is seen issoing along the same line, and still higher the large root of the 
fifth is given off from the lateral aspect of the pons. The line of exit of this 
series of nerve-roots is marked below by a shallow sulcns, but if traced upwards 
it will be seen that the sulcus is obliterated or nearly so before long, so that 
the issuing series of nerve-roots alone serves to mark its position. As it passes 
upwards it becomes graduaUy diverted outwards ; so that opposite the place where 
tbe central canal opens into the calamus scriptorius of the fourth ventricle, the line 
in question has left the posterior sur&ce and in the rest of ita course runs along 
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the lateral Bnrface of tbe bnlb. Towards the upper end it passes near the pos- 
terior margin of an oval prominence on the snr&ce of the bulb termed the 
olwary body or lower olive (o), but is separated from that prominence by a tract 
of loDgitndinal fibres. In trsDsverse sections of tlie lower part of the medolia 
Rg. 32. — TiRT nu>M BiroRB or thb 



. (AUen 

Thamaon.) Nathbal aiZK. 

On the right side the coDToIations of 
tin ceDtril lobe or ulood of Reil haTs 
been left, together vith a mull put of 
the imterior cBrehml conTolutions : on 
the left side these have been removed b; 
ui inciaioD carried between the thalamas 
optiODB and the cerebral hemisphere. 

1', the olfactoij tract cot short and 
Ijing in its groore ; II, the left optic 
mrve in trout of tbe commifBare ; 11', 
the right optic tract ; Th, the cat surface 
of the left thalamus opticus ; C, the 
central lobe or ielsjid oE Reil ; Sy, fissure 
of Sjliius ; X X , auterior perforated 
space ; «, theeitemal, and i, the intenial 
corpus genicalatnm ; k. the hjpophjua 
cerebri or pituitary body ; le, tuber 
dnereum with the iufnndibulnm ; a, 
one of the corpora albicantiai P, the 
cerebral peduncle or cros ; III, close to 
the left oculo-motor Derre ; x, the 
posterior perforated space. 

The following lettera and numbera refer 
to parts in conoection with tbe medulla 
oblongata and pons. PV, pom Varolii ; 
y, tbe greater root of the fifth nerre ; + , 
the leaser or motor root ; fl. the sixth 
nerve ; VII, the bcisl ; Vllf, the audi- 
tory nerve ; IX, the ^ossopharyngeal ; 
X, the pneumogattric nerve ; XI, the 
■pinat accessoiy nerve ; XII, the hypo- 
glossal nerve ; C I, the suboccipital or 
first cervical nerve ; j> a, pyramid ; o, 
olive ; c^ anterior mediau djuure of the 
apinat cord, above which the decussation 
<d the pyramids i* represented ; c a, 
anterior column of cord ; r, lateral tract 
of bulb continnons with c I, the lateral 
eolumn of tbe spinal cord. 

oblongata (fig. 83} it is seen that the bundles of fibres of these nerve-roots traverse 
the substance of the bulb to reach a group of nerve-cells in the grey matter new 
the central canal and thua mark off a somewhat oval area on each side at tbe pos- 
terior part of the section. This area is termed by Flechsig the posterior area of the 
medulla oMortgata, and the tracte of white fibres which can be traced, as will be 
immediately noticed, upon the surface of this part, may therefore be conveniently 
termed its posterUyr mlvmrtt. They correspond in position to the posterior columns 
of the spinal cord. 

The fine of origin of the anterior root« of the spinal nerves, although not marked 
in the spinal cord by a distinct farrow like that whence the posterior roots issue, yet 
when traced upwards into the bulb, deepens into a well-marked longitudinal groove 
which is continued almost vertically ss far as the lower border of the projecting 
mass of the pons. In its upper part this groove separates the olivary pro- 
minence from the prominence of the pyramid. Just below the olive it is often 
obliterated for a certain part of its course by a band of transverse fibres. The root- 
bundles of the hypoglossal nerve (figs. 32, 33, S4, XII) pass out from this furrow. 
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and thoHe of the sixth nerve emerge in the same line with it bnt at the lower border 
of the pons Varolii. In transverBe sections of the medulla oblongata and pons these 
root-bnndles may be traced back through the substance of the organ to a group or 
column of nerve-cells sitnated in a portion of grey matter close to the antero-lateral 
side of the central canal in the lower closed part of the bulb (fig. 43), and close to 
the middle of the fourth ventricle in the upper opened-out part (figs. 44, 45), This 



9CR1PT0K1I11 (Lockhart Clarke.) 
C lontrat canol ; /, mterior median fissure; f.g, fmikuluii gndlis ; f.c, fonicniuB cnnestug ; 
iJl., tubercle of Bolando ; o, olivor; bodj ; a.p., pjramiil ; XI, XII, Bpiual acceesorj and brpoglcanl 
nerves ; XI', XIl', their Duclei. 

THK i^iciPHALOij rhOH THE HiouT siDi. (Alien ThomBOD. ) 
The corpus Mriatum and thalamus opticus have bees preserred inconnectioDiriUithe central lobeaail 
iinuB cerebri, while the remainder of the cerebrum has been remored. 

Si, upper surface of the corpus striatum ; Th, back part of the thalamus opticus (pBlvinar^ ; C 
placed on the middle of the five or six coUTolutions conatituting the ceutial lobe or island of Reil, the 
cerebral substance being remored from its circumference; Sy, fissure of Sjlvins. from which these 
convolutions radiate, and in which are seen the white strin of the olfactory tract ; I, the olfactory tnct 
divided and banging down from the groove in the canvolution whieli lodges it ; 11, optic nerves a little 
way in front of the commLeaure ; a, right corpus albicans with the tuber cinerenm and infundibulum in 
front of it ; A, bjpopbyEis or pituitary body ; r, external, and i, ioterual corpus gsniculatum at the 
back part of the optic ^vct ; P, peduncle or cms of the cerebrum ; III, right oculo-motor nerve ; p, 
pineal gland ; g, corpora qnsdrigemins ; IV, trochlear nerve rising from r, the valve of Vieussens. 

The following rurobrrs and letters refer chiefly to parts in connection with the medulla oblongata and 
pons. V, pliiced on the pons Varolii above the right nervns trigeminus ; .1, the BU|>erior, m, the middle, and 
in. the inferior peiluncle of the cerebellum cut short ; VI, the sixth nerve ; VII, facial nerve ', VIII, 
auditory nerve ; IX, the glosso- pharyngeal nerve ; X. placed opposite to the cut end of the pneano- 
gastric nerve ; and XI, the uppermost hbres of the spinal accessory nerve ; XII, the hypoglossal nerve ; 
p a, pyramid ; o, olive ; a r, arciform fibres ; r, restifcrm body ; Ir, tubercle of Rolando ; c a, anterior, 
e p, posterior, and c I, lateral columns of the spinal cord ; C 1,0 i, anterior and posterior roiiita of the 
firat cervical nerve. 
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portion of grey Diattei is continaous below with part of the anterior horn, and the 
roots of the hypoglossal and sixth nerve appear to correflpondgeuertilly with the anterior 
roots of the spinal nerves. In traversing the substance of the bnlb they mark off an 
anterior area, wedge-shaped in transverse section, which is placed between them and 
the anterior median fissure. This area is on the snrfftce marked by the prominence 
known as i\iepp-amid or ankrior pyramid, which correspoods in position (bat only 
to a small extent in the &brea of which it is composed) with the anterior column of 
the spinal cord. The remainder of the transverse section of the bulb, after the 
posterior and anterior areas are deducted, lies between the line of nerve-root bundles 
of the hypoglossuB and sixth on the one side, and that of the successive bundles of the 
spiual accessory, vagus, glosso-pharyngeal, and seventh on the other. This ia termed 
by Flechsig the lateral area, and on the snr&ce it is marked by a continuation 
of part of the lateral column of the cord, and by the prominence of the lower olive 
already alluded to. 

"We may now proceed to describe in detail the several parts which appear upon 
the surface of the bulb in the three regions thus marked off by the two sets of 
nerve-roots, commencing with the posterior area. 

PoHt«rior area. It will be remembered that in the upper region of the 
spinal cord a small portion of the whole posterior column is marked off from the rest 
by a well-developed pia-matral septum, and is indicated on the surface by a distinct 

Pig. 3S. — FOTCERIDK IHD LATEKJL VIEW 01 IKE 
aiSEKCEPMALOH. (K.A.S.) NiTDHAL DUE. 

Tfae ceiebellum and inferior medullnrj velum, 
>uid the rigbt half of Ihe saperior medullar; 
velnm, ha™ bean cnt away, ta ax to enpose the 
fourth ventrirlo. 

jj.n., line of the posterior rooia of thespinaJ 
nerres ; p.m./., poaterior median fisaure ; 
f-g-, luniculua gracilis; d,, its oIbv» ; /.c, 
fimicnlus cuneatus ; /-H; faniculua of 
Bolando; r.b., nstiform bodj ; <:.>., lower end 
o£ the fourth TBotricle (cslamim acri]itorioB) ; I, 
section of the lingula or Uenia ; part of the 
choroid plexus ig aeen beneath it ; l.r., lateral 
recesaof the ventricie ; ttr, atrio; acusticae ; if., 
inferior (po8l«riorl fovea; »./., superior (anterior) 
fovea; between it and the median sulcua ia the 
funicnlug teres ; ebl, cut sui-face of the left 
cerebellar hemisphere ; n.c/., central gre; matter 
(nocleos dentatua) seen as a wary line ; t.m.v., 
■aperior {anterior) medullar:? velum ; Ing, lin- 
gnla; t.c.p., auperior cerebellar peduncle cut 
longitudioiillj ; cr, conihineil section of the 
three cerebellar peduncles (the liiails of each are 
notmarlied) ; s.q.a., cg.i., corpora quod rigemina 
{anperior and inferior! ; fr, fnenulum toII ; /, 
fibres of tile fillet, seen on the anrface of the teg- 
mentum ; c, crusts ; l.g., lateral groove ; t g.i., 
corpus geniculBtum intarnnm ; tk, posterior part 
of tbalamua ; p, pineal body. The Roman num- 
bers indicate the carresponding cranial nerves. 

longitudinal prominence bounded later- 
ally by a shallow groove. The portion 
thus marked off is the postero-mesial 

column (tract of Goll), and the prominence, which is continued up into the medulla 
oblongata, becomes there stilt better marked, and is known as the fvniculm gracilis 
(fig. 35, /.ff). This, as it is traced upwards, especially as the fourth ventricle is 
approached, broadens out into an expansion termed the clava (cT), and as the ventricle 
opens out the clavse of opposite aides diverge and form the lateral boundary to the 
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ventricle in its lower part. Above, the clavn are tapered off and soon become no 
bnger traceable. 

The fnnicoli gi^ciles with their olavte are sometimes described m tite ponterifr pframidt. 

Between the postero-mesial colnmn and the postero-lateral groove from which 
the posterior roots of the cervical nerves pass ont there is found in the opper part of 
the cord a single distinct column, viz., the postero-lateral column (tract of Burdach). 
This is also prolonged into the medulla, and also like the funiculos gracilis expands 
as it is traced upwards : it is here known as the fanKulua cimmius. Outside this 
funiculus cuneatus and between it and the hne of roots of the spinal accessory 
another longitudinal prominence is cansed by the fact that the subetantia gelatinoea 
of Rolando begins near the lower end of the bulb to project towards the surface 
as a distinct funiculus, narrow below bub broadening as it is traced upwards, where it 
forms a considerable eminence known as the tubercle of Balando. The longitudinal 
prominence which passes up into it, is termed therefore by Schwalbe, the funiefdtu 
of Rolando (&g.U,/.R.). 

The fnnicnlna of Bolando is termed bj Eenle the lateral oimeate ftuucnlns. 

On a lerel with the adjoiniog' clava of the fnniciiliis gracilis, the eolaifred part of Ibe 
ouDC&te fimioDliiB also, like that, exhibits a slight eminence, which is beet marked in children, 
and has been termed the ottneaCe tvbcrcle (Schw&lbe). 

In the upper part of the medulla oblongata, the cuneate fnnicnlns is concealed by 

a set of fibres (external arched or arcuate fibres) which issue from the anterior median 

Fig. 33.— DiBSBOTion of ths veddlla oblokoaia akd posb 

SBOWiaa THI COURSE 0? THE FTRAHIDAL TftAOtB IB THEM. 

tAlleoThomign.) 

P, pons VmoIU ; p, the pyramids, the apper part of the 
right one has been cut awa; ; p', the fibre* of the left 
pynuuid, as they aioend ttrcugh (he pons, exposed by the 
Temaval of the saperfcial transvene fibres ; p' 'a placed on 
same deeper Irsusvoise fibres of the pons on the right side, 
below tbe divided fibres of the right pymoid ; a, left 
anterior colDinD of the coid, its median part pasBea npwaids 
into tJie outer part of the pyramid, the remainder dips 
beneath the pyramid and olivary body ; o, olirarybody ; 
tbe eoDtinuidioD of part of the lateral eolumn obo 
through the pons and eiposed by the removal of a 
portion of the deeper transvene fibres ; o", some of the 
name fibres divided by a deeper incision on the right aide ; 
I, V, tbe lateral columns of the cord ; x , tbiir deeper parts 
pamiug by decHuation into tbe pyiamtds ; r, direct cere- 
bellar tract passiDg from the lateral coIdihq into the inferior 
peduncle of the cerebellum, or restifonn body ; r', fascicnloa 
pBSaiDg from the anterior colutuit to the some 1 ft, deep 
' longitudinal fibres derived from the anterior eJid lateiw 

columns of the coid. 
e pc B, explanatory outline of tbe section of the spinal cord, 

a, anterior columns ; p, posterior ; I, lateral. 

fissure and passing laterally over the surface of the pyramid and olive, turn upwards 
to join the restiform body. There is also a narrow strand of fibres from tbe lateral 
column of the cord, marked by its white appearance, which joins this tract of oblique, 
fibres just above the level of the tubercle of Rolando. This is the dorao-lateral (direcl) 
cerebellar traei which has been already noticed in the description of the spinal cord. 
These obliqnely crossing fibres tnm upwards as they cross the fnnicolns of Rolando, 
and appear to blend with that column and with the cuneate funiculus. They do 
not, however, actually blend with them, but are reinforced by a large number of fibres 
coming from the opposite side of the bulb (see p. 52, fig. 44), and the whole mass 
of fibres thus produced forms a rOunded, prominent cord, the rorpwa restiforme, or 
rope-like body (fig. 36, r), which passes directly into the corresponding hemisphere 
of the cerebellum, constituting its inferior pednnole. 
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Latand ars». — The lateral column of the spioal cord appears, on the enrface, to 
be directly continued upwards into the lateral area of the medalla oblongata. In 
reality, however, a considerable traot of the white fibres — that which in the spinal 
Dord we hare noticed as the lateral pyramidal tract — is found, at the upper end of 
the spinal cord, to cross obliquely in stout bundles through the grey matter of 
the anterior horn, and across the anterior median fissure to the other side of the bulb, 
where it forms the mesial and larger part of the pyramid (figs. 86, 87). The rest of 
the lateralicolunm can be traced vertically upwards (with the exception of the dorso- 
lateral cerebellar tract which paaaes backwards into the restiform body) as far as the 
lower end of the olive where its longitudinally coursing fibres become concealed hy 
this prominence and by the arched fibres already noticed. 

The olivBry bod^ or lower oliTe (figs. 32, 34, S6, o) is, as its name implies, an 
oliv&«haped prominence, which lies in the upper part of the bulb, immediately above 
the apparent termination of the lateral column, and extending nearly as far as the 
lower border of the pons, being only separated irom this by a deep groove in which 
is sometimes a small band of arched fibres. The line of exit of the hypoglossal 
nerve-roots lies on its inner or mesial border, that of the accessory, vagas and glosso- 
pharyngeal roots along its outer side, but the latter are separated from it by a groove 
in which longitudinal fibres prolonged from the ventro-lateral cerebellar tract can be 
seen. Sometimes there is a small longitudinal tract running along its inner boi-der 
also, and in such case, with the arched fibres above aud below, the olive appears to 
be entirely enclosed by a fibrous strand, which has sometimes been described as its 
capsule (siliqua oliva). This name is, however, more applicable to a layer of fibres 
which immediately surrounds the dentate nuclens of the olive (see note on p. 56, 
and fig. 44, S.O.). The longitudinal tracts on either side of the olive are often con- 
cealed in great measure by the arched fibres, which may form a complete superficial 
layer over the olive, and indeed over the whole anterior and lateral surface of thin 
upper part of tbe medulla oblongata. 

Anterior area. — The anterior columns of the cord, although on superficial 
inspection they appear to be prolonged into the pyramids of the bulb, are so 

Fig. 87. — SBOIIOB of THB MIDCLLA OBLOHOiT* iT IHK HIDDLB Of 

THE DICDS81T1UH Of TKS noiMDS. (Lockhtu't Clarke.) 
/, anterior ; /.p., poaterior fiunra ; a.p., pjramid ; a, remaioi 
of put of uiWnor comn, Bepanted bj the croeaing bondtea from 
the leat of the gnj nutter ; I, coDtinnatioa of lateral eoliuun of 
coid ; S, continuation of luliabuitia gelatinoaa of RaUndo ; p.c., 
continnatioa of potterior cornu of grej matter : /■?., faoicnlai 

only to a small extent. For the lateral pyramidal 

bundles, crossing the anterior median fissure from the 

lateral column, are continued npwards close to that 

fissure, and unite with the comparatively small anterior 

pyramidal bundle to constitute the prominence known 

as the pyramid (anterior pyramid). The prolongation 

npwards of the rest of the anterior column of the cord lies deeply, being altogether 

concealed from view by the pyramids. 

The pyramids (figs. 30, a, 32, pa), are more prominent above than below. 
They are bounded mesially by the anterior median fissure, and laterally by the 
olivaiy bodies, being separated irom these by the groove before mentioned, fixim 
which tbe roots of the hypoglossal nerve issue. At their upper end they are 
constricted, and become more completely separated from the rest of the medulla 
oblongata. They are here very frequently crossed by a band of arched fibres, the 
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pO}itKulu3 of Arnold. Each pyramid then enters the substance of the pons in one 
large bundle, which soon breaks up into several bundles, and these maj be traced 
tlirough the pons into the corresponding peduncle of the cerebmm. 

The decussation of the pi/ramids is the oame given to the obliquely crossing 
bundles of the lateral pyramidal tract which are Been in the anterior median fisaore 
at the lower part of the medulla oblongata. The extent to which the decussation is 
visible varies considerably in different individuals ; for in some the bundles take a 
deeper, in others a more superficial course. Fui'ther, in some cases a larger share 
than usual of the longitudinal fibres of the pyramids passes down- in the anterior 
pyramidal tract and a correspondingly smaller share in the lateral pyi'amida! tract. 
And since the anterior tract, which in the pyramid is external to the labei-al tract, 
does not cross in the medulla oblongata but merely passes obliquely at its lower end 
to attain the side of the anterior median fissure, the decussation in these cases is of 
lees extent. Ou the other hand, in rare cases, the whole of the fibres of the pyramid 
may cross over at the lower part of the bulb and become lateral pyramidal tract, 
in which case the anterior or uncrossed tract is wanting in the cord, and the 
bulbar decussation is very well marked. All transitions are found between these 
two conditions (see p. 24). 

The pons Taiolii forms a prominence marked by transverse fibres above and in 
front of the medulla oblongata, and between the lateral hemispheres of the 



Fig. 38. — TBABSTiHm skotion thhoooh lowkr part op pons Vahoiii. (After Stilling and Schwalbe.) 
The descriplion of this figure is given on p. 61. 

cerebellum (fig. 88) ; at the sides its transverse fibres are gathered together into 
a compact mass, which passes into the cerebellum, and is named the middle arus 
or middle peduncle of the cerebellum. On its ventral surface the pons has a shallow 
median groove along which the basilar artery runs, and it is perforated by small 
branches of the artery. The groove is in some measure due to the circumstance 
that the pyramids of the medulla oblongata are continued np through the pons with 
a slightly divergent course, and thus produce a prominence on either aide of the 
middle line, covered, however, by the superficial transverse fibres. 
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The pons consists ventrally of transverse cerebellar fibres, between which 
the longitudinal fibres prolonged upwards from the medulla oblongata pass ; 
together with a large intermixture of grey matter. The superficial fibres on the 
ventral surface (fig. SO,p) are transverse in their general direction, but while the 
middle fibres are exactly transverse, the lower set ascend slightly, and the superior 
fibres (fig. 80, f), which are the most curved, descend obliquely to reach the cms 
cerebelli on each side ; some of the upper fibres cross obliquely the middle and 
lower ones, so as to conceal them at the sides. When the superficial transverse 
fibres are removed, the prolcmged fibres of the pyramids come into view (fig. 86) ; 
these, as they ascend through the pons, are separated into smaller bundles, 
intersected by other transverse white fibres, which, with those upon the surface, 
are all continued into the middle peduncle of the cerebellum. 

At the lower part of the pons, dorsal to the fibres from the pyramids, is a 
special set of transverse fibres (fig. 88, /), named the trapennm {corpus irapez- 
aides) — so called bexsause in most mammals, in which the inferiorly situated fibres of 
the x)ons are less developed and the pyramids are small, these transverse fibres 
partially appear on the surface in an area of a somewhat four-sided shape. Laterally 
they curve round a collection of grey matter, called the superior olivary nucleus 
(fig. 88, (?.«.), and probably many of them are connected with its cells. They then 
course lateralwards, across the bandies of the facial nerve-roots (VII), and ventral 
to the upward prolongation of the substantia gelatinosa of the tubercle of Rolando 
and the bundles of fibres belonging to the ascending root of the fifth nerve (a.F), 
and appear to become connected with the accessory auditory nucleus (p. 55) and 
with the ventral root of the auditory nerve, of which, according to Flochsig, the 
trapezium forms a cerebral commissure. 

The fourth ventricle. — The external characters of the medulla oblongata and 
pons may be completed by a description of those parts which enter into the 
boundaries of the fourth ventricle. This is the space into which the central canal 
of the cord, after becoming somewhat enlarged and cleft-like, opens out superiorly 
(fig. 39). The opening-out seems as if effected by the divergence of the funiculi 
gracUes et cuneati on either side at an acute angle. These funiculi, which form the 
lateral boundaries of the lower part of the ventricle, bend round laterally at about 
the middle (in length) of the medulla oblongata, so that the ventricle, which is at 
first narrow, rapidly broadens. Opposite the middle peduncle of the cerebellum it 
has attained its greatest width. From this point its upper part again narrows, con- 
verging gradually above to be continued into the comparatively narrow Sylvian 
aqueduct. The ventricle is therefore irregularly lozenge- or diamond-shaped, and 
is sometimes named fossa rhomboidalis. The pointed lower end of the ventricle 
has the shape of a writing pen, and is termed the calamus scriptorius (fig. 89, c.s.). 
At its widest part the fourth ventricle is continued for a short distance on either 
side between the cerebellum and bulb where these come in contact, in the form 
of the pointed lateral recess (/.r.). The lateral boundaries of the ventricle 
are, in its lower or medullary part, the clavae of the funiculi graciles, the funiculi 
cuneati^ and the restiform bodies ; in its upper half the superior peduncles of the 
cerebellum (fig. 89, s.cp.). These pass gradually to the roof of the ventricle as 
they extend upwards. They are at first separated from one another by a tolerably 
wide interval which, however, gradually narrows near the end of the ventricle, 
the two crura of opposite sides there approaching one another, and their margins 
coming in contact. Boof of the ventricle. The triangular interval between 
the two crura is bridged over by a lamina of white matter marked across with 
grey streaks. This is the superior medullary velum or valve of Vieussens (fig. 
89, «.m.v.), and, with the crura, forms the roof or dorsal boundary of the upper 
part of the fourth ventricle. The white substance of which it is mainly composed 
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is marked dorsally bj three or four flat tmoBverae grey lamiuie, with intervening 
Bulci, which together constitute the Ungula {6g. 39, Inff). This is continued 
laterally into the grey cortex of the cerebelinm, while the subjacent white subetance 
of the velum is in direct continuity with the central white matter of the cerebellum, 

Fig. S9.— POSIIBIOB lin> UTBRAL VliW OF 

onaiTA, rotmTS viittiiiolb 
OM. (E. A. 8.) NiTcau 



The oerebeUum and inferior oiedalluy v«lum, 
and the right half of the Baperior medulluj 
velum, have been cut away, bo as to eipoee the 
fourth ventricle. 

p.n., line of the poaterior roots of the spinal 
nervea ; p.m./., poBteiior median fissure ; f.g., 
fnnicDlas gracilis ; d., its clava ; f.e.. fanieulns 
cpneatus; f.S., fnnicalus of Bolando; r.b., 
restiform hodj ; c.i., lower end of the fonrth 
ventricle (calamus scriptorins) ; I, section of the 
ligula or teenia ; part of the chomid plexus ia 
sren beneath it ; Lr., lateral teceea of the 
Yentricle ; ttr, Btriie acusticffi ; t./., inferior 
(poBterior) fovea; <./., supeiior (anterior) 
fovea : between it and the median sulcus 
is the funiculus tercB ; ebl, cat snr£aee of 
the left cerebellar hemisphere; n.d., cxntnl 
grey matter (nucleus dentatus) seen as a wavy 
tine ; t.m.r., superior (anterior) medullary 
velum ; Iwf, Itngula ; a.e,p,, superior cerebellar 
peduncle out longitudinally ; cr., combined sec- 
tioD of the three cerebellar peduncles (the limits 
of each are not uiarked) ; c.q.i,, cq.C, corpora 
quadrigemina (superior and inferior}; fr, fnena- 
lum veli ; /, fibres of the fillet, aeen on the sur- 
face of the tegmentum ; c, crusts; l.g,, lateral 
groove ; e.ff.i., corpus geniculatum internum ; th, 
posterior part of thalamus ; p, pineal body. The 
Knman numbera indicate the coireBponding cis- 



into which a pointed tent-shaped pro- 
jection of the roof of the ventricle extends ( Sg. 59, a, in longitudinal section). 
This projection is bounded below by the inferior ntedullary velum, which in like 
manner is prolonged from the white anbatance of the central part of the cere- 
bellum. It ia leas easily displayed than the superior velum, being concealed by 



Fig. 40. — AsHtKlOR BODKDART (FLOOR) OF TSB yoUHTB VIRTRICUt. (EA.3.) 
NlTDHAL BIZB. 

m.t., median snlcns ; ttr, strise acusticse, markiug the limit between the pon- 
tine put of the ventricle and the medullary part or calamus acriptorius ; ^.r., later^ 
recess ; t./., inferior (posterior) fovea ; a.e., ala cinerea ; t.a., trigonum aeustiei ; 
I./., supniior (anterior) fovea, doae lo the lateral margin of the superior part of 
the ventricle. 

a part of the cerebellum, which ia attached to its under or 

posterior surface. It will be further noticed in the description of 

the cerebellum. Below the inferior velum the roof is formed 

by a simple layer of flattened epithelium covered by pia mater ; 

but it is not quite complete, for there ia a hole in it termed 

the foramen of Moffefidie a little above the place where the central canal opens 

out into the ventricle, and there are two other apertures in the epithelial roof 

in the lateral receaeea jnst mentioned. At the sides and below, this layer 

of epithelium passes into continuity with the epithelium covering the floor, 
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but it is somewhM thickeaed by the addition of white nervoua matter before 
reaching the lateral boundariea of the floor. This thickening is left as a slightly 
prominent and often ragged membrane when the epithelium of the roof of the 
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Pi;. 41.— DUQRAHS TO SHOIT T 

A, frcm b«Liai1 ; B, profile view of the right bolf, the medulla und poaa being eupposeil to be tnuis- 
parent. The efferent or motor nuclei are shaded witii oblique lines, the affereal or senBor; nuclei with 
dote. In A the efferent or motor nuclei are repreaenled ou the right aide aol;. the afferent or eenBorir 
OD the left. in. IV, oculomotor and trochlear nucleus; f.d, descending root of the fifth 
nerve ; V, », BO-called sensory nucleus of (he fifth ; V.a, ascending n ' ' ' "' ' 
nucleus of fifth nerve ; VI, nucleus of abducens ; Vll, nucleus of fsciai 
round abdncena nucleus ; Fill, inner or dorsal nucleus of auditory ; Vlll', 

auditory; IX, X, vago-gloeso- pharyngeal nucleus; n.a,, nucleui ambigiiiit, accessorj or efferent vago- 
glosso-pharjngeal nucleus ; X/, nucleus of spinal accessory ; XII, nucleus of hypoglossal ; XII, 
iuuing roots of hypoglossal. 

ventricle is torn off with the pia mater. It commences at the apex of the clava, 
and accompanies the lateral boundary for a short distance ; then turns over the 
Burface of the restiform body and terminates close to the place whence . the roots 
of the vagus and glosso-pharyngeal nerves issue. It is termed the Usnia or ligula 
(fig. 44, t), and its upper transverse part forms the lower boundary of the lateral 
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recess of the ventricle. Another thickening of the roof is seen at the apex of the 
ventricle covering the point of the calamus scriptorius : this is named the obex. 

Two longitudinal vascular inflexions of the pia mater, known as the choroid 
plexuses of the 4th ventricle, project from the roof into the cavity, one on either side 
of the middle line, covered everywhere, however, by the epithelium of the roof. 
Offsets from these pass also into the lateral recesses, from the apices of which they 
emerge, encircled by a duplicate of the ligula, which was termed by Bochdalek the 
cornucopia. The epithelial layer of the roof of the ventricle follows all the convolu- 
tions of the choroid plexuses, but is nowhere pierced by them ; it is generally 
described as the epithelium of the plexuses. 

The floor or ventral boundary of the 4th ventricle is marked at its widest 
part, «.e., at the level of the lateral recesses, by some transverse white lines, which 
cross the grey matter of the floor, and are known as the strim meduUares seu 
acustioB (figs. 39, 40, 41, str). 

These etrisB are caused by bandies of white fibres which emerge from the raphe, within 
which they can be traced to the ventral surface of the bulb, and curve outwards over the 
i-estiform body, where they are usually described as passing: into the lateral root of the 
auditory nerve. It is certain, however, that this is not the destination of most of the fibres 
of the medullary striffi, which are distinctly to be traced to the flocculus of the cerebellum 
(fig. 49, p. 59). They vary greatly in development even upon the two sides of the same brain 
(compare especially Bechterew, NeuroL Centralbl., No. 10, 1892). 

One bundle of these stria is sometimes seen, usually on one side only, taking a course 
obliquely upwards and outwards, passing at the lateral boundary of the ventricle into the 
middle cerebellar peduncle {aberrant Inindle of stria mfdullares^ Klangstah of Bergmann). 

The floor of the ventricle is bisected by a slight median groove. A little on 
either side of this groove and immediately below the strias medallares, is a small 
triangular depression {inferior fovea^ fig. 40, t./.), the apex of which extends only 88 
far as the striae, but the base is prolonged into two grooves extending one from 
each angle. The inner of the two grooves passes with a slightly curved course 
towards the point of the calamus scriptorius, and thus cuts off a pointed triangular 
area, which is bounded mesially by the median sulcus, and the base of which is 
tui-ned towards the striae acusticae. This area {trigonum hypoglossi) is slightly 
prominent, and constitutes the lower end of the fasciculus teres ; in it is the 
prolongation of the tract of neiTe-cells from which the roots of the hypoglossal 
nerve take origin. The outer of the two grooves passes downwards with a slight 
ouLward obliquity nearly to the lateral boundary of the ventricle, and marks off 
externally another triangular area {trigonum acustici, La.), the base of which is also 
directed upwards, where it can be traced into a prominence (best marked in children) 
over which the striae acusticae course. To this prominence the name tuberculum 
lalerale seu acusticum has been applied, since the main part of the auditory nerve 
arises in connection with it and with the triangular lateral area below it. 

Included between the two grooves is a third triangular area {trigonum vagf), the 
apex of which is at the inferior fovea, while its base looks downwards and outwards. 
This area has a distinctly darker colour than the rest of the floor of the ventricle, 
and especially than the trigonum hypoglossi on the inner side, which has a whitish 
grey appearance, and it has accordingly been named the dla cinerea {ax). Towards 
the apex it is somewhat depressed, but below it is elevated into a distinct prominence 
(eminentia cinerea). It contains the nucleus of the vagus, and superiorly, near the 
inferior fovea, of the glosso-pharyngeal nerve. 

Above the striae acusticae the floor of the fourth ventricle is marked in 
the middle of each lateral half by a distinct somewhat angular depression in a line 
with the inferior fovea, from which it is separated by the eminence over which the 
striae acusticae pass. This depression is termed the superior fovea {s.f:). Between 
it and the median sulcus is the prolongation of the funiculus teres, which is pro- 
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mineot (eminenlia leres) opptaite the fovea but becomea gradually less so above and 
below. Extending from the aaperior fovea to the upper end of the ventricle, where 
this narrowB to the Sylvian aqueduct, is a shallow depi'CBsion (locus cceruUus) distin- 
jf uished in the adult by ita dark grey or slaty tint, which is due to a subjacent tract of 
pigmented nerve-cells (aubsiantia ferruginea). The trophic fibres in the fifth nerve 
Iiave been supposed to be derived from these cells. 

mxaiUIAI. BTRDOTCTBII 07 IBM UBDtTZiI^ OBI.0MaATA. 

The internal structure of the medulla, like the external form, will be best under- 
stood by tracing its several parts upwards from the spinal cord ; and this can be 

P^. 42.— SioTiaNop 
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most readily done by a coraparieon of the appear- 
ances of successive transverse sections. 

ILowsr or oloB«d part of the medullk oblon- 
ffa.ta. — The firet changes are produced, in its internal 
structure as in ifa external form, by the passage of the 
fibre-bundles of the lateral pyramidal tract obliquely 

through the grey matter of the anterior horn, and across the antenor median fissure 
to the pyramid of the opposite side (fig. 42). By this abrupt passage of a large 
number of white fibi'es through it, the anterior horn is broken up, and one pait, the 
caput cornu (a), is entirely separated from the rest of the grey matter ; whilst only 

Pig. 43.— SWTIOII OV -HK HIDU 
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end of olivary nucleua ; □', accesforr olirary nucleas ; 
n.^, nucleus lateralis; f.r., iormntio reticularis; 
/.<i.\ arciform fibres proceeding from fonnatio reti- ■ 

Cnlaris ; 'j, substantia gelatinosa of Rolando ; a. V., 
ascendiog root of fifth nerve ; n.c, uucleuacanea^us: 
■n.e'., external runeste DucleiiB;/.c., funiculus cune- 
Atns; n.^., nucleus gracilis ; f.g., funiculus gracilis ; 
p.fn./., posterior median fissure; b.c, centnil canal 
BuiTouiided b; grey matter, in which iire, -a.XI. 
nucleus of the spinal accessory, aud, 7i.X]I., nucleuB 
of the hypoglossal ; i.i/., decussation of fillet or bq- 
perior pyramidal decussation. 

the base of the horn remains, as a small 
portion of grey matter close to the antero- 
lateral aspect of the central canal. 

The separated portion of the anterior 
horn becomes pushed over to the side by the development of the pyramid and the 
interpolation higher up of the olivary body between them, so that it comes to lie 
close to the separated caput cornu posterioris (see below). The greater part of 
the grey substance is broken up into a/ormatio reticularis (fig. iS, f.r.), i.e. a corapara- 
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tively coarse network of grey matter containing nerve-cells, intersected by bundles of 
white fibres ; but a small part, probably representing the lateral horn of the cord, and 
like that containing nnmerons nerve-cells many of relatively large size, remains for a 
time in the lateral column, near the surface, and is known as the nucleus lateralis 
(fig. 43. n.l). 

Meanwhile the posterior horns have become gradually shifted laterally, simulta- 
neously with an increaae in size of the posterior columns of the medulla, so that in 
place of forming an acute angle with the posterior median fissure, tbey now lie 
almost at right angles to it (fig. 42). Moreover, the caput cornu enlarges and 
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OLiviRT BODT. (K.A.S.) HAQNiriiD 6 DUHETiKa. (From > photogTaph. ) 
p.l.b. p«iI«r{or longitndinal bundla ; n.t, nucleus of funiculus teres ; n.XII, nucleus liypoglooi ; 
n. X, nucleus vagi : n'X, nucleai ambignas ; >, fucicolus Bolitarins ; n.p, nucleus posterior (cuneatna) ; 
f.r, fomiatta reticularis ; t, tienia ; i.R, snbstautia Rotandi ; a. V, asceudiog root of fifth ; c.t, corpiii 
restiforme ; ar.iKf. interaal ai-cuale fibres ; X issuing root of vagus ; n.l, DUcleus IsteiHlis ; n', groups 
of large cells, perhaps belonging t" nucleuH lateralis; a-l.tr. an tero- lateral ascending tract; n.d.o, 
nucleus dentstus oIits ; acco, acceasorj oliTarj nnclaus ; t.a, ailiqna oHts? ; A.o, hilum oIits" ; f, 
pjramid ; /, fillet ; r, raphe ; n.ar, nucleus of arcuate fibres ; ar.ixl, external arcuate Sbres. 

comes close to the surface, where it presently forms a distinct projection, the funiculus 
of Rolando, which, a little higher up, swells into the tubercle of Rolando (fig. 42, R.). 
At the same time the cervix cornu diminishes in size and like the anterior cornu is 
eventually broken up by the passage of transverse and longitudinal bundles of white 
fibres through it, into a reticular formation, which then separates the caput comn 
posterioris (fig. 43, g.) from the rest of the grey matter, and joins the reticular for- 
mation derived from the rest of the grey matter. In the tubercle of Rolando the 
caput cornu is close to the surface, and its grey substance can readily be seen, but 
above the tubercle it lies deeper, being covered by a well-marked bundle of white 
fibres, the so-called ascmding root of tb« fifth nerve (a. V.), and by the oblique 
arched fibres which are passing over it to form the restiform body. 
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oellB, but from the cells of the GasKrian gtinglion (His), and Eecoudl^, if the Beosory root of 
the fifth ia est at ita exit from tlie pons, the fibres of the so-caUed asixDdinif root degenerate, 
but the oella of the adjacent gelatinous aubatance remain onaCeoted (Becbterew). There maj, 
hovreTer, be a ph;siolo^c>tl connection establiahed with these cells bj means of collateral 
fibres, as in the case of the fibres of the posterior colnmna of the coid and the substanoe of 
Rolando of tlie posterior horn. 

The grey matter of the base of the poBterior horn undergoes a considerable in- 
crease QB we trace it upwards in sections. Portions of grej matter are soon found 
to extend from it into the funiculi graciles and cuneati, forming the so-called nuclei 
of those columns (fig. 43, n.^., n.c). These noclei are at first narroTV in trans- 
verse section ; but as the central canal approaches the posterior surface of the 
medulla they appear as comparatively thick masses, which produce externally the 

Fig. 45,— SsoTioH icitoss tmt mkddlla oeumaATi a 
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TORius (Lockhart Clarke), 
c, central canal i /, aaterioi median fissure ; /.g., 
InnLculiii gracilis; /.c, fumculna eoneatus: t,fl., tuber- 
cle of Rolando ; o, olivary body ; a,p., pyramid ; XI, 
Zll, spinal accessory and hypogloual aerrea ; XV. XIV, 
their noclei. 

eminences of the clava and the cuneate 
tubercle. Outside the nucleus of the funi- 
cnlos cuneatus an accessory or external nu- 
cleus becomes formed (fig. 43, n.c). From 
this nncIeuB fibres pass directly into the resti- 
form body. The nerve-cells of the gracile 
DQcleDs are for the most part larger than 

those of the cuneate nucleus, but those of the accessory cuneate are larger than 
either {50it to 80^). The accessory cuneate nucleus is supposed to repi-cseiit a 
continuation of Clarke's column of the cord (Blumenau), while in tlio grey mutter 
of the nucleus gracilis and principal nucleus cuneatus most of the ascending fibres 
of the posterior column of the cervical cord become lost. 

From the lower parts of these nuclei fibres are seen to emerge and to sweep forwards 
and inwards in a curved manner {inteniai anked or arctiale fibres) towards tlie raphe 
or septum which unites the two halves of tbe medulla oblongata. Having here 
intercrossed with those from the opposite side iu a decussation tvhich lies above 
that formed by the fibres of the pyramids (decvssalion of the fillet), they form 
a considerable bundle of longitudinally coursing fibres which lies just dorsal to the 
pyramid and is known as the fillet {lemniscus). Its fibres receive their myelin 
much earlier than those of the pyramid. On section of the fillet higher up some of 
its fibres degenerate downwards and the dc^ncration also affects internal arched 
fibres connecting them with the opposite nuclei. These therefore have their origin 
from cells higher up in the brain. 

UppflT or vAntriculaf part Of th.o mednlla oblongata. — When the slit-like 
upper end of the central canal opens out into the fourth ventricle, the small remaining 
portion of the base of the anterior horn, which in the closed part was ventro-Iateral 
to the central canal, comes to the surface at the floor of the ventricle, and as the 
sections are traced upward increases gradually in size, producing the prominence of 
the funiculus teres. In it, both in the lower part of the bulb where the canal is 
still closed and above where it has opened out, a group of large uorve-cella {n.XII.) 
is seen in all transverse sections. From this group (column) of cells tlie successive 
bundles ofthe roots of the hypoglossal or twelfth cranial nerve arise and pass obliquely 
through the substance ot the bulb to leave it on its anterior aspect. The tract of 
nerve-celU is accordingly known as the liypogloaial unoleni. 
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At the fourth ventricle the hypoglossal nucIeuB lies nehort distance from the surface 
covered by a flattened bundle of longitudinally running white fibres, nhich gives this 
mesial triangle of the calamus scriptorius (trigonum hypoglossi) a white appearance. 
~ Fig. 46.— Sectiob or thb kkddlli obloboiu 

BODT. (Schwalbe. ) { 
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fibres; n. 2. , nucleus laleialiB ; a. . arcif orm fibm 
passing towards resiifonn bodj partly through 
the substantia gelatinoss, g., parti; superficial to 
the ascending root of the 5th nerve, a. T. ; X , 
bundle of vagus root, emerging; f.r,, formstio 
reticalaris ; c.r., corpos reatiforme, beginning 
to be foTmed, ehieB; b; arciform fibres, superfi- 
cial and deep; n.c, nucleus cuneatua ; n.j., 
nucleus gracilis; t, attachment of the ligula; 
/.(., fnaicnlna solitarius ; n.X, n.S'., tao 
parts of th« vagus nucleus ; n-XIL, hjpoglosas] 
nucleus; ».(., nucleus of the funiculus lens; 
n.aiN., nucleus ambiguns ; r., nphe ; J., con- 
tinualion of anterior column ot cord i a', o", 
aceeasory olirarr nuclei ;p.o.l., peduncui as olive. 

Nearer to the surface of the floor and nearer also to the median groove is a small 
group of cells, known sometimes ag tbe iincl»iu of th* foaiciatis tans (Gg. 46, 
«./.). The cells are small and appear to give origin to fibres which belong to the 
T^o-gloBso -pharyngeal roots. 



Fig. 47.— THiNSVKSm section or thb ccpbe nut ui tqe hbdhila oblohgiti. (Schwalbe.) 
py., pyramid ; o., olivaiy nucleus ; T.a., ascending root of the fifth nerve ; VIII., root of tbe 
auditorj nerve, formed of two ports, a. and h., which enclose the restiform body, c.r. ; n,VJJI.y.. 
principal (dorsal) nucleus of the auditory nerve ; n. Vlll.ac. accessory nucleus ; y, ganglion ctlli 
in tbe root ; n.f.t., nucleus of the funiculus teres ; n.XlL, nucleus of the hypoglossal; r, raphe. 

At the base of the posterior bora in the lower part of the bulb, and near the 
centra canal, a group of cells (fig. iH, n. XL) is seen in section, which if traced up- 
wards is found to be pushed to the side aa the central canal opens, so that in the 
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floor of the ventricle it lies lateral or dorso-lateral to the hypoglossal nucleus. These 
cells form the upper or bulbar part of the nucleus of the spinal accessory.^ 
Above the level where the roots of this nerve cease to come off a mass of grey matter 
with numerous cells is seen lying lateral to the hypoglossal nucleus in a situation 
near the floor of the ventricle corresponding to the prominence of the ala cincrea 
(trigonum vagi) which appears on the surface, and it extends upwards as far as the 
fovea inferior. In connection with it there arise successivelv bundles of fibres of the 
roots of the vagus and glosso-pharyngeal nerves (10th and 9th cranial nerves) : 
those of the vagus beginning at the commencement of the ventricle, and arising 
along the length of the ala cinerea ; and those of the glosso-pharyngeal coming for 
the most part from the upper part of the ala cinerea, and from beneath the inferior 
fovea. The grey matter in question forms then the principal nucleus of the 
pneumogastric and glosso-pharsrngeal nerves. 

It has been inferred from the clinical and pathological evidence met with in cases of 
bulbar paralysis that the motor fibres to the palate and vocal cords, which leave the medulla 
oblongata by the spinal accessory roots, have their real origin in the hyi>oglo3sal nuclens. On 
the other hand the pars inteinuedia of tfie seventh nerve is said to arise from the upper end of 
the glosso-pharyngeal nucleus (Duval). 

Close to this nucleus, but placed somewhat more deeply in the grey matter, is a 
round longitudinal bundle of white fibres termed \h& funiculus solitarius (figs. 44, a., 
46, /.».). This bundle, which is surrounded by gelatinous grey matter with many 
small nerve-cells, occupies the same relation to the ninth and tenth nerves that the 
80K)alled ascending root of the fifth occupies to the trigeminal. Its fibres appear to 
lose themselves amongst the cells of the enclosing grey matter, and this and the 
bundle gradually disappear when traced towards the spinal cord : traced upwards 
they pass out with the bundles of nerve-roots which go to form the vagus and glosso- 
pharyngeal, especially the latter. Both this bundle and those forming the ascending 
root of the fifth have their myelin sheath developed at an early period. As Jlis has 
shown, they grow into the medulla oblongata from the ganglia of the vagus and 
glosso-pharyugeal, in the same way as the posterior roots grow into the medulla 
spinalis irom the spinal ganglia. 

Lying in the reticular formation and ventral to the principal mass of grey matter 
which here occupies the fioor of the fourth ventricle, is a small detached pear-shaped 
mass of grey matter containing nerve-cells, which is connected by a kind of stalk 
with the rest of the grey matter. This nucleus, which was formerly termed the 
ntu:leus amhiguua, gives origin to fibres which pass along the stalk obliquely towards 
the floor of the fourth ventricle and then turn outwards and forwards to issue with 
the root-bundles of the tenth nerve from the side of the bulb. It is therefore an 
aeoesBory vagal nucleus and, in its relation to the grey matter and in the size 
and character of its cells it is a counterpart of the nucleus of the seventh nerve, 
which appears in sections somewhat higher up (in the pons). A prolongation of this 
nucleus gives origin higher up to fibres of the glosso-pharyngeal. 

The issuing bundles of the auditory nerve pass partly dorso-lateral and partly 
ventro-mesial to the restiform body. The dorsal division contains a large number of 
nerve-cells (ganglion radicis cocMearis), which probably give origin to many of 
its fibi'es. Ventral to the restiform body and between the two roots is another mass of 
ganglion-ceUs, which has been termed the aocessory auditory nucleus (Schwalbe) 
(fig. 47, n.VIII,(ic). From these cells fibres are seen both in the upper part of the bulb 
and in the pons passing transversely towards the opposite side ; they belong to the 

1 The bulbar or accessory part of the nerve : the spinal part of the nerve takes origin in the ventro- 
lateral gioap of cells of the anterior horn of the spinal cord (cervical region). 



56 THE MEDULLA OBLONGATA AND PONS VAROLIL 

system of the trapezium (p. 47). Higher up this nucleus blends with the ganglion 
of the lateral root, the two together forming a Tentral nucleus for the auditory 

nerve (fig. 49, VIILv,). 

Towards the upper part of the bulb an extensive tract of grey matter containing 

small scattered nerve-cells becomes developed outside the vago-glossopharyngeal 
nucleus. This tract corresponds to the lateral triangular area (trigonum acustici) 
which is seen on the surface outside the ala cinerea. Into it most of the fibres 
of the ventral or vestibular division of the auditory nerve apparently pass ; it U 
termed the inner or dorsal auditory nucleus (fig. 47, n.VIIl.p), Ventral 
to this nucleus is a collection of grey matter with large nerve-cells, the nucleus of 
Deiters. Its cells appear to be connected with the cerebellum, for it becomes 
atrophied after removal of the cerebellar hemisphere of the same side in the new- 
born animal.^ Associated with this group of cells is a longitudinal bundle of nerve- 
fibres which has been termed by Roller the ascending root of the auditory nerve 
(fig. 49, R,), but the precise connection of these fibres with the roots of the eighth 
nerve has yet to be established. Most of these collections of cells will be again 
noticed in dealing with the structure of the pons. 

The nerve-cells in the hypoglossal nucleus are largest ; those in the principal 
nucleus of the spinal accessory of moderate size, and those in the vago-glosso-pharyn- 
geal nucleus are small and fusiform ; those of the principal (dorsal) auditory nucleus 
are the smallest. There are a number of small cells in the ventral part of the hypo- 
glossal nucleus (small-celled hypoglossal nucleus of Roller), but they do not give 
origin to any of the fibres of the nerve (Forel). 

Nucleus of the olivary body. — Besides those collections of grey matter which 
are ti'aceable from the grey matter of the spinal cord, portions occur in certain parts 
of the medulla oblongata, which are not represented in the cord. Of these the most 
striking is the nucleus of the olivary body, which has been termed, from its appear- 
ance in section, the corptcs dmiatum of the olive {?ig, 44). It is enclosed in the 
olivary prominence, and is therefore situated in the lateral area of the bulb, but 
the grey matter is not visible from the surface, being covered by both longitudinal 
and transverse white fibres. It takes the form of a thin wavy lamina, which is 
curved round at its edge so as to form an ovoid scalloped capsule. The open part or 
hilnm of this looks towards the middle line and receives a considerable tract of white 
fibres, which emanate from the raphe, being derived to all appearance from the 
opposite olive, and pass into the hilum along its whole extent, forming the so- 
called olivary peduncle {p.o,)^ Under the microscope the nucleus appears as a wavy 
band of neuroglia, with small multipolar nerv^e-cells embedded in it. The fibres of 
the olivary peduncle diverge as they pass to the grey lamina. They are partly lost 
m the grey matter of the olivary nucleus but mostly pass in small bundles through 
the lamina, those which are more posterior turning backwards and cdursing obliquely 
through the posterior part of the lateral area to join the restiform body and thus to 
pass to the cerebellum as internal arched fibres. These internal arched fibres are 
easily distinguishable by their small diameter from the large internal arched fibres 
which belong to the tract of the fillet : moreover they develope their myelin sheath 
later. Others after coursing through the grey lamina and running between the longi- 
tudinal fibres which cover the olive reach the surface, where they bend round and are 
continued as part of the layer of external arched fibres into the restiform body. 
Through the restiform body, the arched fibres and the fibres of the olivary peduncles, 
the cerebellar hemisphere of one side is connected therefore with the olivary nuclei 

^ The nucleus of Deiters was formerly regarded as giving origin to part of the auditory nenre, and 
is also known as the ovter or mperior auditory nucleut (see p. 62). 

' Some fibres emerge from the hilum and turn sharply round the ventral and lateral borders of tho 
dentate nucleus, to which they form a kind of capsule (fig. 44, 9,0.), 
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of both sides. Bat the connection with the opposite Bide Ib the more intimate, for 
it is found that in cases of atrophy of the ceretelkr hemisphere of one side, the olive 
of the opposite side is atrophied while that of the same side is intact. Asd it was 
found by Guddea that after removal in the new-hom animal of the one cerebellar 
hemisphere, the opposite olive ^as atrophied. On the other hand the olivary 
nucleus appears to be connected with the cerebral hemiaphete of the same side by 
a tract of longitudinal fibres which lies lateral and dorsal to the nucleus in the 
medulla oblongata, and passes up towardsthebraininthe reticular fomatioo. Thus 
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the olives are intermediaiy stations between the cerebrum and cerebellum : they have 
no direct connection with the cord (Fiechsig). 

Besides the main olivary nucleus two smaller isolated hands are generally seen 
(figs. 43, 44, 46), looking like separated portions of the chief nucleus. They 
are situated one on the dorsal, and the other on the mesial aspect of the chief 
nucleus, and are known as the outer and inner accessory olivary nuclei. They 
are traversed like the main nucleus hy bundles of internal arched fibres going to 
the restiforra body, and are frequently connected at one or two places to the main 
nucleus. The inner accessory nuclei are sometimes termed the pyramidal nuclei, 
for they lie immediately behind the pyramids. The root-bundles of the hypoglossal 
nerves generally pass between them and the chief olivary nucleus after traversing 
the olivary peduncle, but sometimes the nerve pierces the chief nucleus near its mesial 
edge. 

Other small collections of grey matter and nerve-cells are scattered in certain 
parts of the formatio reticularis, as well as one or two distinct tracts in connection 
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with the external arched fibres, and a considerable amount in the median septum or 
raphe. These three structures may therefore next be described. 

The formatio reticiilaris (figs. 43, 44, 46,/.r.) occupies the whole of the anterior 
and lateral areas of the bulb, dorsal to the pyramids and olives respectively. It is 
thus Tiamed on account of the appearance which it presents in a transverse section 
viewed under a moderate magnifying power. This reticular appearance is 
caused by the intersection of bundles of fibres belonging to two sets which run at 
right angles to one another. Those of the one set are longitudinal, and these are 
intersected by transverse fibres, which pass obliquely from the raphe outwards and 
somewhat backwards with a curved course towards the funiculus gracilis and funiculus 
cuneatus, and the olivary nucleus ; and also in the upper part of the medulla oblongata 
towards the restiform body. 

In some parts grey matter with nerve-cells enters into the constitution of the 
formatio reticularis. The cells are especially large and numerous in the reticular 
formation of the lateral area near the anterior area, where in the lower part of 
the medulla oblongata is situated a remnant of the anterior horn ; and its grey 
matter is presumably derived in great measure from the latter. In the anterior or 
mesial area of the bulb, nerve-cells are mostly absent from the formatio reticularis, 
and this is therefore sometimes distinguished as the formalto reticularis alba (fig. 48, 
r.«.), from the other oxjormaiio relicularis grisea (r.g.). 

The longitudinal fibres of the reticular formation of the anterior area comprise 
at least two sets, viz. : — (1) those which occupy the tract nearest to the pyramids and 
which belong to the tract of the fillet above described ; and (2) those which are pro- 
longed irom the remainder of the anterior column of the spinal cord after the passage 
of the anterior (direct) pyramidal tract into the outer side of the pyramid. The 
latter become in the higher levels of the medulla oblongata gradually obscured or 
replaced by an accumulation of grey matter which resembles that of the grey reticular 
formation and has been termed by Roller, nucleus centralis. But some of the 
longitudinal fibres of the anterior area remain distinct, and become in the upper 
regions of the medulla oblongata collected into a compact bundle which is known 
as the posterior or dorsal longitudinal bundle. 

The fibres of the reticular formation of the lateral area are prolonged from the 
remains of the lateral column after the lateral pyramidal tract and the dorsolateral 
cerebellar tracts have passed to their respective destinations. Those which are 
nearest the olivary nucleus mostly belong to the anterolateral cerebellar tract (fig. 44). 
The fibres of the lateral area are added to as we trace them upwards in sections, the 
increase being due either to the turning upwards of some of the inner arched fibi-es 
or to the accession of fibres which are derived from nerve-cells in the grey matter 
near the posterior surface, or in the grey reticular formation. 

According to Deiters, the nerve-fibre processes of the nerve-cells of the reticular 
formation all pass downwards, while their branched processes are directed 
horizontally. 

The arched or aronate fibres of the medulla oblongabi, which have been more 
khan once alluded to, are the curved fibres which are seen in transverse sections 
coursing in the plane of the section. From their position they are distinguished into 
external and internal, or superficial and deep. 

The outer or superficial arched fibres (figs. 44, 46) emerge for the most part 
from the anterior median fissure, and passing over the pyramids and olives, many 
of them go to the restiform body. They are added to by deep fibres which come to 
the surface partly in the groove between the pyramids and olives, partly after passing 
through the olives, as before mentioned. Traced back in the anterior median fissure 
they are seen to enter the raphe, and to cross over in it ; after which it is supposed 
that they may become longitudinal, but their further course is not certainly known. 



INrEKNAL STEUOTUftE OF THE PONS VAROLII. 59 

The inner or deep arched filrres emerge from the raphe, and traverse the thickness 
of the balb, tending towards the olives, the restifomi body, and the nuclei of tlie 
cuneate and slender f aaicnli. Those which pass through and in front of the olives 
are la continuity with the superficial arched fibres. 

Traced backwards into the raphe, the deep arched fibres cross obliquely to the 
other aide of the medulla, where some become longitudinal, joining the fibres of the 
fillet. Others are the fine fibres before alluded to as connecting the cerebellar 
hemisphere with the opposite olive. 



Fig. 49. — TKiasviRSB srciioji oc pona Virolii t 

(RA.S.) (Prom a phaiograph. ) Magnified about i diomeMn. 
v.IV., 4th Teotricle ; c, white matter of cerebellar hetnispbera ; c.rf.. corpus dsntstDm cerebelli ; 
j(., flocculus; c.r, corpus lesti forme ; R, Rollw'g aacending auditory bundle; D, Deiter'a nucleus) 
YIII, issuing root of auditorj Dsr™ ; VIU. d. , dorsal nucleus ; VI/l. it. , ventral (acoossorj) nucleos 
of aoiditoiy j n,ti:, ■mall-celled nucleus traversed b; fibres of tiie trapeiium ; ir., trapezinm ; f., 
fillet ; p.l.b., poaterior longitudinal buuille ; /.r., formatio reticularis ; n, n', n", nuclei in formatia 
reticularis ; F.n,, ascending root of !ith ; a.g., substantia gelstinosa ; i.a., upper olive ; VII, issuing 
root of fadal ; n. VII., nucleus of facial ; VI, root bundles of abducena ; py,, pyramid bundJes ; n.p., 
nuclu pontjs. 

Kaclei of the anperflcial arcbad flbrai. — Amongst, the superficial arched 
fibres, or between them and the subjacent columns of the bulb, small collections 
of grey matter with nerve-cells are hei-e and there met with, which are dietingaished 
by the above name. The principal group of cells lies superficial to the pyramid on 
either side (figs. 44, 415, n.ar.). This group becomes very largely developed at the 
Junction of the medulla oblongata with the pons Varolii. 

The raphe or septum (fig. 44, r) is composed of fibres which run in part doiso- 
ventrally (fibrse rectse), in part longitudinally, and in part across the Beptam more 
or less obliquely. Intennised with the nerve-fibres are a number of nerve-cells in 
grey matter. The fibrre recke are continnous ventrally with the superficial arched 
fibres, which emerge at the anterior median fissore ; dorsally in the upper part of the 
bnlb with fibres from the medullary strite (cf. p. 50). The longitudinal are chiefly 
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fibres which have passed into the raphe as fibres rectse or as saperficial or deep arched 
fibres, and in ifc have altei'ed their direction and become longitudinal. The obliquely 
crossing fibres are the deep arched fibres which enter or emerge from the raphe. 
Others, however, seem to come from the nuclei of the nerve-roots, and these may 
pass more directly across as commissural fibres either into the reticular formation or 
into the pyramid of the other side, in either case becoming longitudinal. The nerve- 
cells of the raphe are multipolar cells, those in the middle being chiefly spindle- 
shaped. The latter are connected with fibres rectas (Clarke), whilst the more laterally 
situated ones, at least those near the anterior median fissure, are connected with 
8ome of the superficial arched fibres. 

Internal stractore of the pone Varolii. — Sections of the pons are greatly 
modified by the appearance of the transversely coursing fibres between the two halves 
of the cerebellum which have already been noticed. These occupy the whole of the 
ventral portion and enclose and conceal from view the bundles of the pyramids, which 
can be traced upwards into and through the pons from the medulla oblongata. 

Between the bundles of fibres of this ventral portion of the pons grey matter 
with small multipolar nerve-cells is everywhere found (nuclei pontis (fig. 49, n.p.)). 
It is probable that many of the transverse fibres terminate in this grey matter and 
are through it connect^ in some way with the longitudinal fibres of the pyramidal 
tract ascending through the pons ; but the transverse fibres do not appear to turn 
upwards, for they are smaller than the longitudinal fibres. 

The posterior or dorsal portion of the pons is chiefly constituted by a continua- 
tion upwards of the reticular formation and of the grey matter of the medulla 
oblongata. As in the latter, there exists here also a median septum or raphe, which 
is similar in structure to that of the medulla oblongata. It does not extend through 
the ventral half, being obliterated, or nearly so, by the great development of the 
obliquely and transversely passing fibres, except near the upper and lower borders 
where the superficial transverse fibres of the pons turn in at the middle line ; and 
especially at the upper border where bundles of the same fibres encircle the crura 
cerebri as they emerge from the pons. 

In the reticular formation, in addition to the scattered and reticularly arranged 
grey matter with nerve-cells everywhere met with, there are one or two more 
important collections which lie embedded in this formation and from which nerve- 
fibres arise. One of these ia the superior olivary nucleus, another is the nucleus of 
the seventh or facial nerve, and others give origin to portions of the fifth nerve. 

The enperior olivary nucleus (fig. 50, o.s,) is a collection of small nerve-cells 
which lies dorsal to the outer part of the trapezium, in what would correspond (as 
indicated by the passage outwards of the roots of the sixth and seventh nerves) to a 
prolongation of the lateral area of the medulla oblongata. In man it is very much 
smaller than the inferior olive, to which it does not present much resemblance iu 
form, although in structure and in the size of its cells there is a close similarity. In 
some animals, however, it is larger, and has a distinctly sinuous outline. From it, 
as above mentioned (p. 47), fibres pass into the trapezium ; it may be connected 
through these with the accessory auditory nucleus of the opposite side (p. 65). 
Running upwards on the mesial side of the superior olive between this and the fillet 
is a bundle of fibres which has been termed the central tract of ihe tegmentum, but its 
connections have not yet been satisfactorily ascertained. 

Besides its connectloii with the contra-lateral oocessoiy anditory nucleus throng:}! the corpus 
trapezoides, the upper olive is connected, accozding to Bechterew, (1) to both the posterior 
(inferior) corpora quadrigemina through the lower fillets, (2) to the cerebellum through the 
restif orm body, (3) with the nucleus of the sixth nerve (and perhaps, also, with that of the thiid 
and fourth nerves) through the posterior longitudinal bundle, and (4) with the spinal oord through 
fibres passing down the anterior column. 
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The nucleus of tlw &cial nsrra (n. VII) lies in the reticular formation just 
dorsal to the superior olivary nucleus, and at some depth, therefore, below the floor 
of the fourth veotricle. It begins to be visible in sections immediately above the 
mednllft oblongata, in the form of small isolated groups of nerve-cells, firom which 
separate bundles of fibres proceed, and extends three or four millimeters upwards. Its 
cells are of moderate sizs, and their axis-cylinder processes are directed inwards and 
backwards townrds the grey matter of the floor of the ventricle, where they collect 



Fig. 50,— Sectiom across the lowee paht or thb poms (after Stilling and Sehwalbe). ^ 
py, pyramid- buaiJIes coDtioued up from the medulla ; po. trunaverse fibrea of tbe pons jiaBBing from 
llie middle criB of the cerebellum, before (pcf) and bcbiud {po') the chief pTismid bundles ; t, deeper 
tniuTeiBa fibree, comitituting the trapeiium ; the grey matter between tbe transrerBe fibres is not 
reprewDted either in this or in the following Ggares : r, raphe ; o.i,, superior oliTary nucteue ; a. I', 
bundles of the ascending root of the fifth nerve, enclosed by a prolongation of the grey substance of 
Rolando ; VI, tbe sixth nerve ; n. VI. its nucleus : VII, the &cial nerve ; Vila, ascending portion uf 
Ihe facial root ; n. VII. its nucleua ; VIII, superior root of the auditory nerve ; n. VIJl, part of th« 
Ducleus of I)eiteis ; v, section of a vein. 

to form a longitudinal bundle, oval in section, which runs for a short distance 
upwards in the grey matter and then turns sharply in a ventrolateral direction, 
traversing the thickness of the pons to emerge on ita lateral aspect (fig- 41, B.) 
From facts brought forward by Mendel and supported by Tooth and Turner, the 
facial nerves appear to receive some fibres through the posterior longitudinal bundles 
from the oculomokir nuclei ; these fibres probably being those for the frontalis, 
corrngator supercilii, and orbicularis palpebrarum. On the other hand the fibres to 
the orbicularis oris may arise from the hypoglossal nucleus. 

The motor nncleiu of tlio fifth norvo (flg. 51, nF') cornea to view 
in higher sections through the pons, situated a litde below the surface close to 
the lateral margin of the fourth ventricle. It contains large pigmented multipolar 
nerve-cells, the axis-cylinders of which pass ont into the motor root of the trigeminal. 
Fibres are also seen in the grey matter of the floor of the ventricle connecting both 
this motor nucleus (and also the sensory nucleus, immediately to be described) with 
the raphe, and through this probably with higher parts of the brain. 

The so-called npper ssniory nitcloua of th« fifth narrs (n. V) lies on the 
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outer side of the motor root. The cells are small and arranged in clusters sepa- 
rated by the faaciculi of origin of the sensory nerve-root. This collection of cciU 
is more estensive than the motor ducIcus, being seen in sections higher np the 
pons, and passing below into the so-called " lower sensory nucleus," which is a 
continuation of the grey matter of the tubercle of Rolando, and ultimately, 
therefore, of the substantia gelatinosa of the posterior horn of the spinal cord. 
Pas.sing towards this nucleus into the issaing roots of the fifth nerve is seen, as 
has just been mentioned, in all sections through the middle part of the pons 
a well marked tract of fine fibres which are traceable over the posterior longi- 
tudinal bundle to the raphe, and ultimately pass, it is believed, upwards 
towards the mid-brain. This tract is known varionsly as the crotsed root, 
the raph»-root, or the central tract of the trigeminal. Its fibres pass by and 

Tbs section passes through the loirer ]ntt of the 
mator nucleus (av') from which a, bumlls of fihres of 
the motor root, V, ia seen pasaing ; s port of the apper 
seDsoi7 nucleus (nn) U nJso ebown in the sectioD in 
the form of a number of small isolnted portions o[ 
grey instter. Amongst these tm a fev bundles of 
the asceniling root cut acrou. but moat o( these 
liSTo slrdsdy become diverted outwards to join and 
assist in forming the issuing part of the mun or 
aensorj root, V ; ar, arcuate fibres near the fourth 
Tentcicle, which come partly from the raphe, parti; 
fj-om a small longltudiDa! bnnclle of fibres \l) near 
tbo median aukus (m.i. ), and pass outwards to join 
the root of the fifth nerre ; /.r., fonnatio nitioularis ; 
r., raphe ; t.f., substantia fermginea. 

may in part be continnoos with a small oval 

bundle of longitudinal fibres (fig. 51, /), 

which lies in the grey matter not far ^m 

the median sulcus, and which resembles in 

appearance the ascending part of the facial 

root. 

The rest of the grey matter of the pons lies near the dorsal surface and appears 

in the floor of the upper part of the fourth ventricle. Besides scattered nerve-cells, 

others are collected at certain parts into definite ^oups or nuclei from which some 

of the remaining cranial nerves take origin. Like the similarly placed nuclei in 

the medulla oblongata, these also do not lie close to the epithelium which covers the 

surface, but are separated from it by a layer of gelatinous substance (neuroglia) free 

from nerve-cells, termed the ependyma of the ventricle. 

The doFBal nnolsus of th« auditory narve (fig. 47, n. VIII p.), is prolonged 
upwards nnderneath the striffi acusticae into the pons (fig, 49, Vlll.d.). It is widest 
at about the junction of the medulla and pons, where it extends almost to the middle 
line ; further up it rapidly narrows and becomes shifted towards the lateral boundary 
of the ventricle as the nucleus of the sisth nerve makes its appearance between it 
and the median sulcus. Its cells are small, and it is much broken up by the pas- 
sage through it of fine transverse nerve-fibres. 

The so-called outer oi' superior nucleus of the auditory nerve, or the nnclsns of 
Deitsnr (Laura) (fig, 49, 5 ; fig. 50, n.F///), is characterized by the lai^e size of its 
cells, and lies immediately ventro-lateral to the dorsal nucleus, which has just been 
described. It does not begin to be visible so far down as the latter, but is 
continued as far upwards, rather increasing in size superiorly, whereas the dorsal 
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nucleus diminishes. It is much broken up by longitudinal fibres (ascending 
auditory fibres of Roller). The connection of this nucleus with the auditory nerve 
is very doubtful. It undergoes no alteration when the auditory nerve is severed in 
the new-bom animal, whereas section of the spinal cord in the upper cervical region 
of the new-bom rabbit is followed by degeneration and atrophy of this nucleus 
(Monakow). It becomes atrophied after removal of the cerebellar hemisphere of 
the same side in the new-born animal (see also p. 55). 

The ventral nucleus of the auditory nerve (see p. 55) which is represented 
in the upper part of the medulla oblongata by a collection of nerve-cells lying in the 
angle between the restiform body and the two portions of the root of the auditory 
nerve {fig, 47, n.VIII.ac) and by cells interpolated amongst the fibres of the cochlear 
root (p. 55), is placed in the region of the pons between the restiform body and the 
flocculus, and the cochlear root here issues directly from it (fig. 49). Its cells, which 
are small and rounded but multipolar, are enclosed like those of a ganglion, each in 
a nucleated capsule. 

The nucleus of the sixth nerve (common nucleus of the sixth and seventh 
of some authors) consists of a group (column) of large multipolar cells lying on 
cither side of the median sulcus (fig. 50, n,VI). It coiTesponds to the part of the 
fasciculus teres which lies immediately above the medullary atrisB on the floor of 
the fourth ventricle. It has a close relation to the root of the facial, which runs 
along its mesial side (V/Ia), curves round it eventually, and appears to receive 
some fibres from it, but it is doubtful if this is really the case (Gowers). The fibres 
of the nerve run in bundles obliquely ventralwards and downwards (caudalwards) to 
emerge at the lower border of the pong. Between this nucleus and the median 
groove, along the middle of the fourth ventricle, is an oval bundle of nerve fibres 
(fig. 50;, which runs longitudinally upwards for about 5 mm., and occupies 
nearly the same position with regard to the nucleus of the sixth nerve that the 
longitudinal fibres which cover the hypoglossal nucleus occupy with regard to the 
origin of that nerve. The bundle in question is the ascending part of the root 
of the seventh nerve (p.. 61), and when followed upwards in sections its fibres are 
seen to turn sharply outwards and ventralwards, and to become the issuing root of 
the facial. From the nucleus of the abducens, nerve-fibres pass to join the pos- 
terior longitudinal bundle, and in this they run upwards to the mid-brain, where as 
Duval and Laborde have shown they join the issuing oculomotor roots of the oppo- 
site side. This crossed connection between the third and sixth nerves explains 
those cases of lesion of the pons in which paralysis of the external rectus muscle 
of one side is accompanied by that of the internal rectus of the opposite eye. 

Course of nerve-fibres from the spinal cord upward thzt>ugh the medulla 
oblongata and pons. — Assuming for convenience of description the existence of 
three white columns of the spinal cord on each side, the various parts of these are 
continued upwards as follows : — 

The posterior column is continued in the medulla oblongata as the white sub- 
stance of the funiculus gracilis and funiculus cuneatus. The longitudinal fibres 
appear to end by terminal arborisations in the grey matter which forms the nuclei , 
and numerous deep arched fibres enter or emerge from the same collections of grey 
matter, passing through the raphe from the other side of the medulla, where they 
are continuous with the longitudinal fibres dorsal to the pyramids which form the 
main tract of the fillet (Edinger) (interolivary layer of Flechsig). The solitary bundle 
and the " ascending " root of the fifth morphologically represent, as their mode of 
development from ingrowing nerve fibres shows, parts of the postero-lateral column 
of the cord. 

Some fibres also pass irom these nuclei, especially from the outer or large-celled 
cuneate nucleus directly into the restiform body of the same side. 
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A large part of the lateral column of the cord, viz., the lateral pyramidal tract, 
iBses into the opposite pyramid of the bulb and proceeds in this and in the 
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Fig. 52. — DlOKKIRATIOKS 



The hemiBection vu on tbs left ude of the cord, and was complete. Thn eection ontlines drawn to 
Bcala with a camera lucida. The degenerated Gbrea shown by black dots. Tbose in the Boctiou of the 
lumbar cord are descending, all the rest are ascflnding, pg, pyramidal tract ; d.a-l, descending antero- 
lateral tract ; d.a.e, dorBolateral ascending cerebelUr tract ; d.a'.e' (in Pons III.), degeneration ef 
fibrca of thia tract in the white matter of the cerebellar worm ; v.a.c, Tentrolataril aaceoding ceKhellar 
tract; if.a'.ii (in Pone IE. and III.), degenerated fibres of this tract pasaing daisall; into the Tain of 
Vieuggena (in Pona III.) nnti into thn white matter of the yemis (Pons II.) ; n.///., n. V.. n. VL, n. Vll^ 
iisniog tibies of the Srd. &th, 6th, and 7th nerre-roota ; o./Fl, 4th Tentricle. 

ventral part of the pons towards the cmata (see fig. 24, p. 30). Together with the 
small part of the anterior column of the cord which also enters into the constitution 
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of the pyramid^ it there forms the pyramidal tract of the isthmus of Flechsig 
[peduncular tract of Meynert). Some of the fibres of the pyramid, however, emerge 
as external arcuate fibres, and joining the restiform body pass to the cerebellam. 
Moreover, the pyramidal tract is larger in the pons and medalla oblongata than in 
the spinal cord, for as it passes downwards it gives off numerous fibres to end by 
terminal ramifications in the nerve-nuclei of the efferent cranial nerves. Collaterals 
also pass off from the fibres of the pyramids, and even more numerously irom the 
longitudinal fibres of the posterior and lateral areas of the medulla oblongata and 
pons to end by terminal ramifications in the grey matter (Kblliker). A part of the 
lateral column of the cord forming the doreo-laterdl cerebellar tract (see fig, 52, d.ax,\ 
passes at about the middle of the medulla oblongata obliquely backwards in the 
restiform body to the cerebellar worm. The ventro-lateral ascending cerebellar tract 
(v,a.c.) passes into the upper part of the pons and turning dorsally at about the level 
of the exit of the fifth nerve curves backwards and enters the cerebellum over and 
along with the superior peduncle and in the valve of Vieussens. 

The rest of the lateral column runs up dorsal to the olives and contributes to 
form the longitudinal fibres of the reticular formation. These are continued through 
the dorsal parts of the encephalic isthmus towards the corpora quadrigemina and 
optic thalamus. Some of the fibres become collected as they pass up towards the 
pons into the well-marked flattened bundle of fibres (fillet) lying dorsal to the 
pyramid. For the fillet is not, according to Edinger, wholly formed of the arched 
fibres which emanate from the nuclei of the contra-lateral posterior columns ; it 
receives an accession of fibres which have already crossed over in the spinal cord 
from the posterior horn (through the anterior commissure), and have passed up the 
antero-lateral column to the medulla oblongata. According to Flechsig and v. 
Bechterew the fillet also contains fibres which are passing from the ventral auditory 
nucleus through the trapezium to the inferior corpora quadrigemina. 

The anterior column of the cord in part is continued into the pyramid of the 
same side, but chiefiy dips under the pyramid and forms the longitudinal fibres of 
the white reticular formation in the dorsal part of the mesial area. These pass 
upwards towards the isthmus cerebri. In the pons Varolii one tract of them 
becomes collected into a well marked fasciculus (posterior or dorsal longitudinal 
hundhy figs. 53, 54, je?./), and some of the others join the fillet ; their further destina- 
tion will be afterwards noticed. In the region of the medulla oblongata they are 
indistinguishable from one another in the adult, but in the fcetus they are found to 
develope at different periods and are then readily differentiated (Flechsig). 

A small bundle of fibres of the anterior colomn of the cord was described by SoUy as 
passing obUqnely npwards below the olive, to join the restiform body (see fig. 30, f). This is 
seldom distinct. 

Transition from the pons Varolii to the mid-brain. — In sections through 
the upper part of the pons (fig. 58) the fourth ventricle, which here becomes rapidly 
narrowed, is roofed over by the two superior peduncles of the cerebellum which are 
passing to the mesencephalon, and by the superior medullary velum and lingula, 
which lies between them. The grey matter of the floor of the ventricle (central 
grey matter) shows on either side near the median groove a group of nerve-cells con- 
tinuous below with the nucleus of the funiculus teres, and above with the nucleus of 
the aqueduct More to the side is the mass of pigmented nerve-cells known as the 
substantia ferruginea (fig. 53, 5./.), and still more laterally at the angle which the 
roof makes with the fioor, a column of large spherical scattered cells, along the 
outer border of which a well marked white bundle — the descending root of the fifth 
nerve (v,d.) — runs downwards towards the middle of the pons where it issues with the 
motor root. These cells and the fibres of the descending root can be traced upwards 
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as&r ae the snperior corpora qaadrigemina. Between the central grey matter and 
the reticular formation on either side of the raphe is the now sharply defined dorsal 
(posterior) longitadinal handle (ji.l). The fibres which compose this, which receive 
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Fig. fi3.— T«AiravmKBK BBonon throcoh »hb cpmr part or the pois (Scbifalbe, after StiUing). 
Batli«r more tlan twice the n&tara] die.' 

p, traniverM fibres of the poni ; py, pg, bnoiilVes of tbs pjramMB ; a, banndsn line between the 
tegmeDtal part of the pons and ils Teatral part ; V, oblique fibres of tbe Uteral fillet, puaing towards the 
inferior corpora qnadrigemina ; I, lateral; P, meeial fillet; /.r., fonnatio reticularu ; p.l., po«terior 
lODgitadinal bundle ; i.e.p., superior cerebellar peduacie ; v.m.a., superior medullary velum ; {, gnj 
matter of the lingnla ; v 4, fourth ventricle ; io the grey matter which boDnda it Utenllj are seen, 
v.d., the deacending root of the fifth nerve, with ita Duclens ; (./,, BDl»tanlia ferrugioes ; fff., gioap 
of cella contiDnooi with the nuclena of the aqueduct. 

their myelin sheaths very early, serve partly as a mediam of communication between 
the nnclens of the sixth nerve and the third and fonrth nerves, and are partly pro- 
longed downwards towards the spinal cord and upwards towards the optic thakmus. 

Fig. 64. — SaonoN across ths jchciioii of thi poia 



Ag, aqueduct of Sylvius ; IV, iamiog fourth t 

If", ita bnndlea decuBsating in tiie valve of Yioui , 

11", a bundle cut acroea in the central gre; niatter of the 
aqueduct; d.F, descending root of the fifth nerve; 
p.l, posterior (doraal) longitudinal bundle; r, retienlir 
formation; I, lateral fillet; i.c.p, superior cerebellar 
peduncle. 

The fillet is also now more distinct from the neighbouring longitudinal bnndlea of 
the reticular formation, and a considerable part of it, known as the lateral fillet, is 
seen to be passing to the side of the pons, where its fibres as they course obliquely 
towards the corpora quadrigemina overlnp the superior cerebellar peduncle of the 
same side. As the fillet thus passes gradually to the side it gives place to a round 

I The details of this and u( several of the preceding fignrea are filled in under a somevhat higher 
magnifying power than that used for tracing the outlines. 
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bundle of loDgitudinal fibres, which begins to be distinct in this region, and which 
passes upwards to form the mesial bundle of the crusla (mesial fillet). The superior 
cerebellar peduncle as the sections are traced upwards is seen gradually to shift 
ventral- and mesialwards until in sections through the lower part of the mesen- 
cephalon it reaches the raphe, and decussates with its fellow of the opposite side. 

In sections through the upper part of the pons the fibres of the middle peduncles 
which arch upwards as before mentioned, are cut obliquely, and their entrance 
into the cerebellar hemisphere is no longer seen. The pyramidal bundles are more 
scattered and also more numerous than in the lower part, and the grey matter 
between them is increased in amount. In the highest sections this grey matter is 
beginning to accumulate ventral to the lemniscus and reticular formation, and to 
contain a considerable amount of pigment in its cells (commencement of substantia 
nigra of mesencephalon). 
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THE CSKEB'ELL'nM. 



The cerebelltun (figs. 55, 5G, and 58) consista of two lateral hemispheret joined 
together by a mediaD poitioQ called, from the peculiar appearance caosed by the 
transverse farrows or ridgea upon it, the warm or vermiform process. This is seen 

Fig. 55. — iHFituoB scarid or 
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on the under surface in the fossa between the hemispheres as a well-marked pro- 
jection named the inferior worm, but above forms only a slight elevation, the 
superioT worm. In birds, and in animals lower in the scale, this middle part of the 
cerebellum alone exists, and in mammals it is the first part to be developed and to be 
marked off into subdivisions ; moreover, in most mammals it forms a lat^ median 
lobe very distinct from the hemispheres. 

The cerebellum occupies the p08t«rior fossa of the cranium. Its median portiott 
lies behind the 4th ventricle and behind and below the corpora quadrigemina, to 
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The medulla oblongata ii cut , 
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lobe ; b i, bivential lobe ; /, floccnlua ; c to n, inferior vermiform process, on vhich are, e, tuber 
TBlvnls. p, pyramid, u, nvula, n, nodule ; p v, on each side, placed on the cut surface where tho 
amygdalfe have been removed, points by a line to the lateral part of die interior (posterior) medullary 
velnm ; its median part is lost under the nodule; v, v, cavity of the fourth ventricle ; the cavity 
extends on each aide into the lateral recess ; m, cut surface of medulla oblongata ; V, VI, roct4 of the 
fifth and sixth cnuiial nerves, 

which it appears suei ended by its superior pedancles. Below and at the sides it 
receives the inferior peduncles (restiform bodies) from the medulla oblongata, and 
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ii-om the anterior part of each hemisphere the thick mass of the middle peduncle 
passes forwards and inwarda into the pons Varolii. Between the two superior 
pednacles and behind the upper part of the 4th ventricle is a white lamina con- 
tinnous with the white centre of the worm, which thins off into it. This is the 
superior (or anterior) medullary velum or valve of Vmiisene ; it extends aa far as 
the corpora qnadrigemina, filling up the interval between the superior pedancles. 



&c. (Q. D. T.) i 

and becoming continned into the roof of the aquednct of Sylvius. Below, there is 
a similar white lamina prolonged under and on either side of the nodule from the 
white centre, and stretching over this part of the ventricle towards its lateral 
boundaries (fig. 56, p v). It does not, however, extend far down, but ends with a 
somewhat thickened margin, concave downwards, being prolonged towards the 
calamus scriptorius merely by the ventricular epithelium, which covers its ventral 
surface. To the semilunar lamina thus formed the name inferior (or posterior) 
medullary velum is applied. 

The hemispheres are separated below and behind by a deep notch {^pottfrior 
cerehellar notch, incisura marsupialis), and above and in front by a broader, shallower 
notch (anterior cerebellar volch, incisura semilunaris). The upper vermiform proces, 
although slightly elevated, is not sharply marked off from the dorsal surface of the 
hemispheres, so that the upper surface of the organ, which is on the whole flattened 
hut somewhat ridged in the middle {culmen monlicvlf), slopes downwards uninter- 
ruptedly on each side and behind (clivus). On the inferior surface each hemisphere 
is convex both from before backwards and from side to side, but is separated 
from its fellow by a deep median fossa, named the vallecula, which is continuona 
behind with the posterior notch, and in which the inferior vermiform process 
(fig. 56, c to n, fig. 58 B, t.v. to fi.) lies concealed. Into this hollow the medulla 
oblongata is received in front, and the falx cerebelli behind. 
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The greatest diameter of the organ is transverse, and extends to about four inches 
(10 centimeters) : its greatest width from before backwards is about two inches (5 
centimeters) : of the middle part about one inch and a half (4 centimeters) ; and 
its greatest depth is about two inches, but it thins out towards the lateral border. 
It weighs about 5 oz. 

The cerebellum is characterised by its laminated or foliated appearance, its 
surface being everywhere marked by deep, closely set, transverse and somewhat 
curved, fissures, .which extend a considerable depth into its substance, but do not all 
entirely encircle the organ, for many of them coalesce with one another, and some 
of the smaller furrows have even an oblique course between the others. Moreover, 
on opening the larger fissures, other folia are seen to lie concealed within them, not 
reaching the surface of the cerebellum. 

The depth of the fissures can best be estimated in sections through the organ 
taken across the laminae : in such sections each lamina is seen to have a white 
centre and a grey cortex, and the white centres of the laminae appear in the form of 
processes ramifying from a larger white centre near the middle and anterior part of 
the organ : to the arborescent appearance thus obtained in section the name arhor 
vikB cerebelli has been applied. 

Externally the most conspicuous fissure is the great horisontal fissure (figs. 
56, 58, /A), which beginning in front at the middle peduncle of either side 
extends round the outer and posterior border of each hemisphere, dipping down into 
the posterior notch. This fissure divides the cerebellum into an upper and lower 
portion, corresponding in fact to the upper and lower surfaces, in each of which 
several lobes, separated by fissures for the most part deeper than the rest, are 
described. Taking the great horizontal fissure to divide the cerebellum ioto an 
upper and a lower half or surface, we may first consider the parts which are present 
upon the upper surface and which compose the upper half of the organ in both the 
worm and the hemispheres. 

UFFEB SUKPACB. — ^The upper worm begins at the superior medullary velum 
between the two superior peduncles and ends at the bottom of the posterior notch in 
a short, concealed transverse lamiua, termed the folium cacuminis. Tt is usually 
described as being formed of five successive parts or lobules, which are termed from 
before back the lingula, the central lobe, the admen (culmen monticuli), the clivus 
(clivus monticuli), and the folium cacuminis. Corresponding with these in each 
hemisphere are the large posiero-superior lobe, continued laterally from the small 
folium cacuminis, the posterior crescentic, continued from the clivus, the anterior 
crescentic lobe, continued laterally from the culmen, the ala lobidi centralis, continued 
from the central lobe, and sometimes a lateral extension of the lingula. 

Of the fissures which separate these lobes of the upper surface from one another, 
four in number, the first, or most anterior, which may be termed the precentral 
sulcus, lies in front of the central lobe, and separates it from the lingula. The 
next, or postcentral sulctis, divides the central lobe and its alae from the culmen 
and anterior crescentic lobes. The third, or preclival fissure (also called the antero- 
superior), separates the culmen and anterior crescentic from the clivus and posterior 
crescentic lobes. Lastly, the fourth, or postclival fissure (also called the postero- 
superior), lies immediately over the folium cacuminis, and separates this and the 
postero-superior lobes from the clivus and posterior crescentic. Below the folium 
cacuminis and the postero-superior lobes comes the great horizontal fissure which 
has been already described. 

Besides these interlobar fissures, all of which extend deeply down towards the 
central white substance, there are certain other sulci which on the upper surface 
of the hemispheres are almost or quite as well marked as the interlobar ones, but 
which are less deep or are not seen on the upper worm. They are best made out in 
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vertical sectiong of the hemisphere. Two of these iotralobar fiBsnres occnr in the 
posterior crescentic (clival) lobe and one or two in the anterior creecentic (cnlmi- 
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Tba Tallecnla baa been somewbat opened oat to diaplaj the parts of the lower worm. 

nate) (fig. 59). The laminse and fisanrea of the npper snriace all have a snbparallel 
transverse direction, curving forwards as they traverse the hemisphere to lose them- 
selves at the antero-lateral border in the great horizontal fisBore. 
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Lobes of the upper snrfooe. — ^We may now describe in detail the subdivisions 
of the upper surface, taking (since they are directly continuous with one another) 
those of the worm and hemispheres together. 

The lixignla. — ^This is usually confined to the worm, and from the surface it is 
entirely concealed by the next lobe : it is best seen in a median section of the organ 
(figs. 67 and 59). It consists of a small tongue-shaped group of four or five trans- 
verse laminae, which may be said to lie upon the middle of the superior medullary 
velum (fig. 68, I). Its medullary centre is in continuity with the velum, and 
forms part of the roof or dorsal boundary of the fourth ventricle which here has a 
tent-shaped projection into the middle of the cerebellum (fig. 67, 4). 

The lingula gradually shades ofP at the sides and is usually unrepresented in the 
hemispheres, but its laminae are sometimes prolonged laterally for a little distance 
over the superior cerebellar peduncle (frcRuulum lingulce). 

The central lobe and its al». — The central lobe is largely concealed by the 
culmen when the cerebellum is in its natural position, but when the organ is cut 
away from the adjacent structures this lobe is seen in the anterior notch, where 
its laminae appear at the surface. They are prolonged beyond the limit of the wonu 
for some distance along the upper and anterior part of the hemispheres, where 
they form wing-like continuations of the central lobe which are known as the 
alcB lobuli centralis (fig. 58). The central lobe receives a primary branch of the 
arbor vitae which passes upwards and forwards into it from the enlargement of 
the white centre which is known as the trapezoidal body, but the fissures (jpre- 
central and postcentral) which separate it from the lingula and culminate lobe 
respectively, are not better marked at the surface than those which intervene 
between the laminae of the culminate lobe, and, as a glance at the sections (fig. 69) 
shows, its laminae all belong to the same (ascending) group of folia as those which 
constitute the culminate lobe. 

The culmen and anterior crescentic lobes : lobns cnlminis. — The culmen 
occupies rather more than half of the upper surface of the worm, and, as its name 
implies, constitutes the most prominent part of the upper worm. Its surface shows 
three or four well-marked lamell£e, beset by a number of secondary and tertiary folia. 
It is separated from the next part of the worm by a deep groove which descends to 
the middle of the organ ; this sulcus is prolonged, as we have alre^y seen, on to 
either hemisphere, having there been termed the antero-superior sulcus, and passing 
in a curved manner parallel with the general disposition of the laminae on this sur- 
face to the antero-lateral margin, where it runs into the anterior part of the great 
horizontal fissure. The antero-superior sulci together may conveniently be termed 
the preclwal The subdivision of the hemisphere which is cut off between this 
preclival fissure behind and the postcentral siccus in front has been known as the 
anterior crescentic lobe {lobtcs lunatus anterior, KoUiker). The two anterior crescentio 
lobes, together with the culmen with which they are in complete lateral continuity, 
form a main subdivision of the upper surface of the cerebellum, which may appro- 
priately be termed the lobe of the culmen. The lateral parts of the lobe each receive 
three well-marked branches of the medullary centre of the hemispheres ; in the 
central part they come oflF by a common stem from the corpus trapezoides of the 
worm (fig. 69). 

The olivne and posterior crescentic lobes: lobus divi. — Behind the 
antero-superior or preclival fissure, and extending as far as the folium cacuminis 
(from which it is separated by the postero-superior or posicJival fissure), is another 
considerable group of laminae which receive their branches from the upper aspect of 
the horizontal stem of the arbor vitae. In a median section of the worm these 
laminae appear to form one group with the folium cacuminis and the laminae of the 
tuber valvulae (fig. 69 A), and this group has been described by Schwalbe as con- 
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stifcuting a posterior lobe. In fact, however, the great horizontal fissure below the 
foliam cacaminis and the postclival fissure above this folium separate the group 
into three well-marked divisions, of veiy unequal size it is true in the worm, owing 
to the rudimentary character of the central or cacuminate division, but far more 
distinct and equal in the hemispheres ; they may therefore be conveniently thus 
subdivided in the worm also, and of them, two (the clivus and folium cacuminis) 
belong to the upper worm, the third, tuber valvulae, to the lower. 

Two or three secondary laminae of the clivus reach the surface of the worm, but 
they are beset with many tertiary folia, and other important folia belonging to the 
same group lie concealed in the preclival fissure. 

The lateral extension of the clivus on to each hemisphere is known as the 
'posterior crescentic lobe (1. lunatus posterior, Kolliker), and the two posterior 
crescentic lobes with the clivus between them, bounded in front by the preclival, 
behind by the postclival fissure, may collectively be termed the lobe of the clivus. 
The lateral parts of this lobe each receive two or three primary branches of the 
medullary centre of the hemisphere (fig. 59). 

The combined anterior and posterior crescentic lobes of each hemisphere were formerly 
termed the quadrilateral lobe. 



The folium caduninis and postero-snperior lobes: lobus cftonmiTii». 

— The folium cacuminis is formed by the extremity or apex of the main horizontal 
stem of the ai'bor vitee vermis (figs. 57. 59). As the vertical section shows, it is 
composed of but a single primary folium, which may be either plain or beset 
with rudimentary folia. But at the side of the worm it rapidly expands, with 
divergence of its bounding fissures and a great increase of size of its main branch of 
the arbor vitse and the formation of numerous secondary and tertiary folia, a large 
lobe being thereby produced at the posterior and upper part of each hemisphere 
which has been termed the postero-superior lobe. The expansion occurs mostly 
above the horizontal plane, and its branch of the arbor vitee has a direction no longer 
directly backwards, but rather upwards and backwards ; this upward shifting 
appears to be due to the great development of the lobes of the lower surface of the 
hemisphere. The postero-superior lobes are bounded, like the folium cacuminis itself, 
in front and above by the postclival fissure, below by the great horizontal fissiure ; 
joined as they are in the middle line by the folium cacuminis, they form a great 
winged mass which occupies the posterior third of the upper surface of the cerebellar 
hemispheres, and forms the rounded postero-lateral border ; to this conjoined mass 
the term lobjis cacuminis may be applied. 

UIS'DEB SUBPACB. — Turning now our attention to the under surface of the 
organ, we here meet with considerably greater complexity, and the correspondence 
between the parts of the worm and those of the hemisphere is less dearly apparent. 
The lower worm extends from the inferior medullary velum to the folium cacmninis 
(great horizontal fissure), and the parts or lobules which are enumerated in 
it are four in number, viz. ; from before back (1) the nodule, (2) the uvula^ 
(8) the pyramid, and (4) the tuber valvulce seu posiicum. On the hemisphere a 
greater number of lobes are distinguished, viz. : (1) the flocculus, corresponding 
with the nodule ; (2) the tonsil {amygdala), coiTesponding with the uvula ; 
(8) the biventral lobe, corresponding with the pyramid ; (4) the slender lobe, formed 
of an anterior and a posterior part well marked off from one another ; and (5) the 
inferior semilunar lobe, which also shows a tendency to subdivision. This 
last lobe corresponds with and is directly in lateral continuity with the tuber 
posticum of the worm. The slender lobes are interpolated in the hemisphere, and 
have not any obvious prominence of the worm corresponding with them, but they 
appear to represent a development of certain rudimentary folia which are seen in 
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sagittal sections of the worm on the lower part of the stalk of the tnber valvalas^ 
entirdj concealed by the pyramid (see fig. 59 B). If this is the case, then the com- 
bined slender and inferior semilunar lobes may be reckoned as collectively forming 
a primary subdivision of the hemisphere, corresponding with the tuber posticum 
of the worm and to which the term postero-inferior may be applied,* and the two 
jwstero-inferior lobes, together with the tuber valvulae which unites them in the 
middle line, may collectively be spoken of as the lolms tuberis. This large lobe 
occupies at least two-thirds of the inferior surface of the cerebellum ; of the re- 
maining third more than one-half is occupied by the combined pyramid and biven- 
tral lobes, about one-third by the uvula and amygdalae, and the small remaining 
portion by the nodule and flocculus. 

TimmureB of the under vurhMe. — The lobes of the under surface of the 
organ are separated from one another by fissures extending deeply into both the 
worm and hemispheres. In the worm there are three such interlobar depressions, 
viz. : one between the nodule and the uvula (postnodular), one between the uvula 
and pyramid {prepyramidal), one between the pyramid and tuber valvulae (post- 
jfnframidaT)^ besides the middle of the great horizontal fissure separating the tuber 
valvuke from the folium cacuminis. In the hemispheres a larger number is 
apparent. The postnodular sulmcs passes laterally into a groove curved with its 
convexity forwards which first limits the amygdala in front and then passes between 
the flocculus and biventral lobe to join the anterior end of the great horizontal 
fissure. The prepyramidal sulcus curves laterally round the outer side of the 
amygdala, separating it from the biventral lobe : it joins the postnodular in front 
of the amygdala. From the sides of the postpyramidal sulcus three deep fissures, 
concentric with one another^ curve outwards and forwards over the under surface of 
the hemisphere. The most anterior of these, and also the shortest, passes at first 
more forwards, concealed by the amygdala before curving round in the manner 
described. It lies between the biventral and slender lobes, and may be termed the 
cmtmor arcuate or pregracile sulcus. The second of the three concentric fissures 
subdivides the slender lobe into two nearly equal parts (lobulus gracilis anterior and 
lobulus gracilis posterior) ; we may distinguish it as the middle arcuate or mid* 
graciU. The third, which is the longest, separates the slender lobe from the 
inferior semilunar lobe ,* like the other two it arises at the mesial edge of the hemi- 
sphere opposite the depression (postpyramidal sulcus) between the pyramid and the 
tnber valvulae, and arches round on the lower surface of the hemisphere with its 
concavity forward to fall into the great horizontal fissure at the antero-lateral margin. 
This fissure may be termed the posterior arcuate or posigracile. Behind this 
again there is a fairly well marked deep fissure, serving to subdivide the inferior 
semilunar lobe. This may be termed the lower or lesser horizontal sulcus. Lastly, 
the deep antero-posterior grooves which mark off the lower worm may conveniently 
be termed the sulci vallecula (dexter ei sinister). 

^bes of the nnder surfEice. — The lobes of the under surface of the organ 
as already enumerated may be now more particularly described in order from before 
back. 

The nodule and floocnliie: lobns nodnli. — The nodule occupies much the 
same position relatively to the inferior medullary velum and tent of the fourth 
ventricle that the lingula occupies with regard to the superior medullary velum, but it 
is usually better developed than the lingula Although sometimes merely composed 
of a few transverse laminae set upon the median part of the inferior medullary velum, 
it more often appears as a distinct prominence having a separate branch of the 

* In the pTOTions edition of this work, the term postero-inferior was nsed as a synoDym for the 
inferior semilunar lobe. 
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arbor vits (fig. 59 A). It can only be seen after the oerebellam is separated from 
the medulla oblongata and pons, or in a median section, being almost entirely con- 
cealed by the uvnla when the organ is viewed from below. The lateral part of 
the inferior medullary velum is continued on either side of the nodule as a thin 
white semilunar band with a thickened concave free lower border (fig. 58 B, v.m,%). 
Traced laterally towards the hemisphere, the white lamella becomes thickened and 
covered with gi'ey matter (peduncultis flocculi), and at length expands into a small 
irregular lobule lying in the groove between the biventral lobe and the middle 
peduncle of the cerebellum, and composed of a few short irregular laminae, which 
tend to diverge from the attachment of the stalk. The nodule, with the inferior 
medullary velum, the stalk of the flocculus, and the flocculus itself constitute 
collectively a small but distinct subdivision of the cerebellum (Johis noduU). 

Other small portious of laminated grey matter sometimes occnr attached to the floccnlns, 
UBoally lying between it and the middle peduncle. These have been termed accessory 
flooeuli. 

The nvnla and tonsila: lobns nimto. — ^The uvnla forms a considerable 
portion of the lower worm, being elongated from before back ; three considerable 
secondary laminss, beset with eight or more tertiary folia, appear at the surface. 
It is least prominent close to the nodule, and from this part it enlarges rapidly 
downwards and backwards to attain its greatest prominence next to the pyramid. 
Like the nodule and the pyramid it is purely a median prominence, being separated 
from the hemispheres by the deep groove (sulcus valleculaB) which prolongs the 
vallecula on either side of this part of the worm. At the bottom of this groove 
on either side of the uvula is a low corrugated greyish ridge which connects the 
narrow stalk of the uvnla with the stalk of the tonsil : this concealed connecting 
ridge is known as the furrowed hand. From its outer extremity the rounded 
amygdala projects downwards and backwards into the vallccular groove, concealing 
the sides of the uvula mesially, and the narrow connection between the pyramid 
and biventral lobe posteriorly. The uvula, furrowed band and tonsil constitute col- 
lectively another distinct subdivision of the hemisphere {amygdalo-uvular lobs, lobu^ 
uvulce). The amygdala or tonsil forms a rounded projection of about 10 or 12 
folia, which run nearly in a sagittal direction, so that in a sagittal section of the 
cerebellum passing through the tonsil, its branch of the arbor vitsB appears expanded 
and not obviously dendritic (fig. 59 C). Above and in front it has a few transverse 
laminffi which are only seen in sections, being concealed, in the natural position of 
the parts, by the rest of the projection. Opposite the inferior medullary velum 
its white matter comes for a certain distance to the surface, covered, of course, by 
pia mater. The amygdala is lodged in a depression (nidus avis) at the front of the 
vallecula, which is bounded by the uvula mesially and the biventral lobe laterally ; 
the surface which rests against the uvula is nearly smooth, as is the corresponding 
concave surface of the uvnla ; a continuation of the postnodular sulcus separates 
it from the inferior medullary velum. 

The pyramid and Mventral lobes : lobiu parramidis. — The pyramid forms 
the most marked prominence of the lower worm, but as seen from the surface, it 
shows only three or four transverse laminae. It is in reality a long clavate projection 
attached to the stem of the arbor vitse by a narrow stalk, and it is not only separated 
from the uvula and tuber valvule by deep fissures, but also from the hemispheres 
by the sulcus vallecula on either side of it. Its connection with the biventral lobe 
of the hemisphere is here maintained by a low narrow ridge, which joins the stalk 
of the pyramid with the mesial pointed extremity of the biventral lobe. This 
connecting ridge is evidently analogous with the furrowed band of the preceding 
lobe, but it is an even less distinct structure To see it the amygdala must be 
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removed, or a vertical section made through the organ, passing just to the outer 
side of the pyramid. The biventral lobe is roughly triangular in shape, with 
the base forwards abutting on the postnodular sulcus, and the apex directed 
backwards and inwards towards the root of the pyramid. The outer side is 
bounded by the outwardly curved pregracile fissure, the inner by the side of 
the vallecula, but is concealed by the amygdala, which projects over the lobe. 
The laminae have a curved direction radiating from the apex towards the base of the 
triangle. The lobe is partly bisected by a fissure (midventral) deeper than the 
rest, and becoming better marked towards the base. This fissure divides the lobe 
into an inner and an outer portion ; from this subdivision its name has been 
derived. Collectively, the pyramid, the connecting ridges, and the biventral lobes 
constitute a distinct division of the cerebellum, to which the name lobe of the 
pyramid may be applied. 

Tlia tuber posticiim and postero-inferior lobes: lobus tnberis. — The 
tuber valvulae sen posticum, which constitutes the hindermost division of the inferior 
worm, exposes about five or six tertiary folia (laminae transversales inferiores) at 
the surfece between those of the pyramid and the folium cacuminis. It differs 
from the other constituents of the inferior worm, and resembles those of the 
superior worm in being obviously prolonged laterally into and gradually enlarging 
to form the corresponding hemisphere lobes (fig. 58 B, t.Vy hi). These conjoined 
postero-inferior lobes of the hemispheres with the tuber valvulae of the worm 
collectively foim a large alate mass {lolms iuberis), bounded in front by the 
anterior arcuate or pregracile fissure, which separates it from the pyramidal 
(biventral) lobe; behind by the great horizontal fissure, which also limits it 
antero-laterally. Its laminae run in a curved manner, concentrically with these 
fissures, and it is separated into four crescentic parts by three concentric fissures 
two deep and complete, the middle arcuate and the posterior arcuate and a third 
only slightly less deep, the lesser horizontal fissure. Of these four parts the two 
anterior, about equal in size, form what has been termed the slender lobe (lobus 
gracilis) ; the two posterior, of which the hinder one is the larger, together form 
what has been termed the inferior semilunar lobe. 

The whole cerebellar worm may thus be regarded as sabdivided by deep sulci into nine 
partB or lobes, each of which has a corresponding lobe of the hemisphere continuous with it. 
This continuity is obvious upon the upper and posterior aspects of the organ, but on the inferior 
aspect it tends to be rudimentary and is moreover concealed within the sulci vaUeculsa. The 
combined lobes which are thus formed by the continuity of the lobes of the worm with those 
of the hemispheres are as follows : — (1) lobus Hngulas, (2) lobus centralis, (3) lobus culminis, 
(4) lobus clivi, (5) lobus cacuminis, (6) lobus tuberis, (7) lobus pyramidis, (8) lobus uvuIsb, 
and (9) lobus noduli. The hemisphere-parts of the lobus Ungulas and of the lobus centralis 
are rudimentary, but otherwise the hemisphere-parts of the lobes are considerably larger than 
those of the worm, in some cases, as in that of the lobus cacuminis and the lobus tuberis, .the 
difference of size being very great. The former (lobus cacuminis) is, in fact, represented in 
the worm by a single concealed folium only, while a large portion of the lobus tuberis, viz., 
the lobus gracilis, can hardly be said to be represented in the worm. These nine lobes ar& 
separated from one another by interlobar fissures, which are all nearly equally well marked in 
the hemispheres, whilst in the worm some are less developed, particularly those above and 
below the folium cacuminis. This median part of the lobus cacuminis is, therefore, 
imperfectly marked off from the clivus above and the tuber valvules below, the three together 
forming a very distinct posterior subdivision of the worm. 

The relations between the parts of the worm and those of the hemispheres, and the fissures- 
which separate the several lobes from one another, as well as those which serve to subdivide- 
the lobus tuberis, are indicated in the accompanying table : — 
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DiAORAKMATio Tablb to Bhow the corresponding parte of the worm and hemispheree and 
the fissures which separate them into lobes. The positions of the principal intra-lobar 
fissures of the hemisphere are marked by thin lines. 
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Description of the arbor vita cerebelli. — When a section is made through 
the worm or through either hemisphere across the direction of the folia, the organ is 
seen, as already mentioned, to be composed of a white or medullary centre and of a 
uniform cortex of grey matter, and the section presents a dendritic appearance 
(arbor vitae cerebelli) in consequence of the fact that the larger laminae are them- 
selves formed of secondary, and these again are beset with tertiary folia. It is 
only in such sections that the relative depth and importance of the fissures can be 
estimated, and a description of the sections is therefore fully as impoiiant as that 
of the surface-markings, and is in fact necessary for the elucidation of the latter. 

The mode of transition of the parts of the worm into those of the hemispheres 
can also best be made out by the inspection of successive sagittal sections ; 
beginning with a median section through the worm, and passing gradually to the 
side, the successive sections being made in planes parallel with the median plane, or 
only so far inclined to it, and to one another, as to cut the majority of ihe lamelte 
at right angles. 

1. Section of the cerebellum in the median plane of tJie worm (fig. 69 A, and 
fig. 57). In front we notice the tent of the fourth ventricle projecting with a 
sharp angle into the enlargement of the white substance known as the corpus 
trapezoidee (c.tr). The apex of the angle is directed backwards with a slight down- 
ward tilt, so as to leave only a thin layer of white matter — the middle part of the 
inferior medullaij velum — between it and the nodule. The corresponding layer of 
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white matter between the cavity of the fourth ventricle and the h'ngula is the 
middle part of the superior medullary velum. The two vela are prolonged like roots 
upwards and downwai'ds from the anterior or ventral side of the corpus trapezoides. 
From the upper part of the corpus trapezoides two branches diverge, one upwards 
with a slight inclination forwards, this is the branch to the central lobe ; the 
other, the thickest and strongest of all the branches of the arbor vitse of the 
worm, passes upwards and backwards into the culmen. This stem of the culmen 
gives off secondary branches on either side. Of those which are directed upwards 
and forwards, the one nearest the base is rudimentary, and enters a small lamina 
concealed at the bottom of the postcentral fissure : the next two are large, and 
enter laminss which reach the surface, but before attaining it they may themselves 
fork. The prolongation of the stem also reaches the surface, being first bifurcated, 
but the branches from the lower or posterior side of the stem of the culmen, two, 
three or more in number, pass into short laminae which mostly lie concealed within 
the preclival fissure. 

Prolonged backwards from the postero-inferior angle of the corpus trapezoides 
is a narrow horizontal stem, which after a course of about two centimet^, ends 
directly in the medullary centre of the folium cacuminis, often passing round a 
slight curve just before reaching this. From the upper side of this horizontal stem 
about five branches pass upwards and backwards, and from the lower side about 
as many pass downwards and backwards, but all are not of equal importance, for 
some merely enter rudimentary lamellae which are concealed at the bottom of the 
interlobar fissures, and only a few enter lamellae which reach the surface. 

Of those which pass from the upper side of the horizontal stem all may be 
considered to belong to the clivus. Of the more anterior of these some are rudi- 
mentary, one or two less so, but all enter lamellae which are completely concealed 
in the preclival fissure. The hindmost is larger and longer and reaches the surface ; 
it gives off a vertical branch which passes into the upper part of the lobe nearest 
the culmen, bifurcating near the surface, and is then continued on in a nearly 
horizontal direction parallel to and overlying the folium cacuminis. 

Of the branches from the lower side of the white centre and its horizontal pro- 
longation three are of great importance. The foremost one passes from the corpus 
trapezoides almost vertically downwards for about six or eight mm. into the uvula, 
giving off only small lateral branches ; it then gives off successively two or three 
branches which course downwards and forwards, usually bifurcating before reaching 
the surface. Only short branches are given off backwards from the main part of the 
uvula stem. 

About two or three mm. behind the branch to the uvula, that to the pyramid 
passes off. This has a general direction downwards and backwards ; it gives off 
lateral branches as it proceeds, most of which are small, but one or two longer 
branches come off on its anterior aspect and pass to the sui*face nearly vertically 
downwards. 

Following the horizontal stem back, two or three rudimentary offshoots are seen 
entering small lamellae which are concealed within the postpyramidal fissure, until 
finally, about 15 mm. from the corpus trapezoides and 5 mm. from the base of the 
folium cacuminis, another considerable branch passes off at an acute angle, with a 
curve forwards and downwards into the tuber valvulae. Its lateral offshoots, which 
are at first short, become gradually longer, corresponding with the expanding form 
of this lobe of the worm. 

The deepest fissures of the median section are the precentral, the postcentral, 
the preclival, the prepyramidal, the postpyramidal, and the postnodular (see 
fig. 59 A). The postclival fissure is here quite shallow, the great horizontal only 
slightly deeper. The general grouping of the branches of the arbor vitse is into 
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Fig. 59.— PonB SI 

THK KILATIVI DEPTH OF THI riSSDBES, AKU 1 

twice the lutuisl aiie. (From photographa. ) 

A, mediiin Bectibn of tbe worm. 

B, MclJon ueu- tbe edge of the worm at the tnnutian inlo the hemiaphere. 

C, ftt the edge of the hemiaphere. 

D, through tjie middle of the hemisphere. 
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five divisioDB (irrespective of the white matter of the lingnla and nodule), viz., two 
ascending (central lobe and cnlmen), a posterior group (clivuB, folium cacuminisy 
and tuber valvulsB), and two descending (pyramid and uvula). 

2. Arbor vit(B at transition of worm into hemisphere (fig. 59 B). With the 
general enlargement of the organ as the worm passes into the hemisphere the white 
centre becomes greatly increased in amount. This affects all parts of it, but first 
and most markedly the corpus trapezoides and the root of the branch into the 
culmen, which is here a large square mass of white matter from which three distinct 
branches pass towards the upper surface of the culmen, which is subdivided by two 
deep fissures (anterior and posterior intraculminate) into as many parts. A short 
branch also passes forwards from the corpus trapezoides into the ala lobuli centralis. 
The lingula is still seen in this section, and the superior medullary velum is 
becoming thickened by the fibres of the superior cerebellar peduncle. The 
horizontal stem of the arbor vitse is also much thicker, and from it the branches 
of the clivus pass upwards as two main stems, which go towards the surface, 
bifurcating as they approach it ; there are concealed folia in the pre- and post- 
clival fissures. The postclival fissure is now deep, as is also the great horizontal, 
and between the two a lobe, fan-shaped in section (the postero-superior), is now 
visible, haviDg a distinct large bifid branch of the arbor vitse directed upwards and 
backwards into it, each ramus dividing more than once before reaching the surface. 
Between the great horizontal and the postpyramidal fissure a large branch passes 
downwards and backwards, and gives ofP several well-marked rami from its lower 
border, three or more reaching the surfece. The branch into the pyramid is broader 
at its root ; in fig. 59 B, the section passes outside the uvula, and has taken a slice 
off the amygdala. 

8. In a sagittal section altogether beyond the vermis and fust within tJie limit 
of the hemispherSy what in the worm constitutes the horizontal stem of the arbor 
vitffi, has become greatly enlarged, and has now blended with the enlarged corpus 
trapezoides to foim the large central white mass of the hemisphere (fig. 59 C). 
In this the nucleus dentatus is now seen, and appears as a thin irregularly triangular 
wavy band of grey matter, with the blunt apex of the triangle directed posteriorly 
towards the horizontal fissure and the open base looking forwards and receiving the 
great mass of fibres of the superior cerebellar peduncle which now replaces the 
superior medullary velum. Above the level of the horizontal fissure seven or eight 
principal processes of the white centre extend into the lobes of the upper surface : 
the most anterior is small^ and passes forwards into the diminishing ala lobuU 
centralis ; three enter the anterior crescentic lobe (in the section here figured they 
still appear to come off from a common stalk) ; two or three, the posterior crescentic ; 
and a large branch directed obliquely upwards and backwards passes into the 
postero-superior or cacuminate lobe : between these principal branches are a few 
rudimentary ones passing into concealed lamellae, of which there are groups at the 
bottom of the pre- and postclival fissures. Besides the postcentral and the pre- and 
postclival fissures, twa other fissures divide the anterior crescentic lobe into three 
parts, and other fissures divide the posterior crescentic. The cacuminate lobe is not 
thus subdivided by complete fissures. 

Below the level of the great horizontal fissure six or seven main branches come 
off from the white centre. Two of these pass into the inferior semilunar lobe ; 
one, the posterior, being very large and bifid or trifid ; one passes into each division 
of the lobus gracilis, one into the biventral lobe, and a broad anteriorly directed 
branch into the amygdala. A seventh small offshoot, directed almost due forward, 
belongs to the stalk of the fiocculus. In sections still further outwards (fig. 59 D) 
the conditions are much the same as here described^ except that the ala lobuli 
centralis, and the amygdaloid branch are no longer seen, and the branch into the 
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birentral has become distinctly bifid. The nacleua dentatus does not extend far 
into the lateral part of the hemisphere, and the superior cerebellar peduncle is no 
longer cat ; but fibres are seen streaming from the white centre of the hemisphere 
into the middle and inferior peduncles. The general conformation of the section 
is somewhat altered, but the number and relations of the snb-divisions of the 
hemisphere 13 not materially different, and the several branches of the arbor vitse 
and the more important fissures are readily recognizable. 

Vnclsi in tlia white matter of the cerflbellmii.—The dentate nnclens 
^corpnfi ciliare, corpus deiUatum) of the cerebellum (figs. 59 C, and 60, n.d.), very 



(Stilting.) f. 

n.d., nucleiu dentatua cerebelli ; t., band of fibres derived from reetifbrm body, parti; coreriug the 
dentate nucleus ; :c.p., commencenieiit of Bnperior cerebellar peduncle ; com', com", commisBDisl fibres 
croedng in the mediAu white matter. 

similar to that already described in the olivary body of the medulla oblongata, 
presents the appearance of a waved line of compact yellowish bron'n substance, 
containing white matter within. The wavy character is more apparent in horizontal 
than in vertical sections through the hemisphere. The line is intei-rupted at its 
anterior and mesial part {hilum), where the superior cerebellar peduncle eroei^es 
from it. The dentate nucleus may be described as consisting of a plicated ponch or 
capsule of grey substance open at one part and enclosing white matter in its interior, 
like the dentiri^e nucleus of the lower olivary body. 

In addition to the corpns dentatum certain other portions of grey matter, which 
have been only more recently recognised, are found in the white centre of the 
cerebellum (Stilling). They are three in number on each side and are termed 
respectively the nucleus emboliformis, nuclens globosus, and nucleus fastigii (figs. 60. 
61). The nncleas emholifbrmie is a small clavate mass of grey substance lying 
mesially to and partly covering the hilum of the dentate nucleus. On the inner aide 
of the nucleus emboliformis, between it and the middle line, is a streak of grey 
matter passing antero-posteriorly and ending behind in an enlarged extremity. This 
has been named the anoleu rlobonu. Finally, close to the middle line, where 
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it is only separated from its fellow by a narrow septum of white matter, is a rather 
larger portion of grey substance, which lies in the anterior part of the white ceutre 
of the worm, and close to the npper wall of the tent-like projection in the roof ot 
the fourth ventricle. It is termed tbe naolans of the roof or nttcletu fiurtdgii. 

V'" I^g. 61. — HOHIZOKTIL I 

BUOWtNO TBI KDCLRt 

(Krom Henle, titer Stilting. ) } 
The section is taken .juet over the rooE of 
tb« iourth ventricle. Tbe nadei arc re|ire- 
Bcnted lighter than the white matter in wbich 
they &ra embedded. 

C d, corpus detitatum ; i, nacleus emboli- 
fonnia ; j, y, nacieua globoauB ; z, nuclira 
fmCigiL Above the two ciHleaced Toof-nuclei 
are Been some of the fibres of the superiar 
(anterior) d«cuseatioD, and above these again 
the hiniinie and furrows of the lingubi (L g) ; 
whilst below the roof-nuelei one or two 
laDiinnand furrows of the inferior virmifom 
process are included in the section. Ccq, 
HQperior cerebellar peduncle. 

These several portions of grej matter 
are not entirely isolated, but are 
connected here and there both with 
one another and with the dentate 
nucleus. 

The structure of the corpua den- 
tatum resembles that of the olivary body. Stellate cells i^nfth to r^th inch 
(6(* to 10>i) in size, lie in grey matter which is traversed by bundles of nerve-fibres, 
passing in various directions but chiefly from without inwardi>. 

The nucleus emboliformia agrees closely in stmctnre with the nucleus dentatus, to 
which it seems to bear the same relation as do the accessory olivary nuclei to the 
chief olivary nucleus. The nuclstu fast iff iiaadmicleua giobosus differ somewhat io 
structure from the dentate nucleus, iind chiefly in the much larger size of their cells. 
which, according to Meynert, are very similar to those of the nucleus of Deiters in 
the medulla oblonguta (see p. .^6). 

Commisanral iLbras in the white matter of the oarebellom. — Two chief 
sets of decHsaalinff commissural Jibres were described by Stilling in the middle line of 
the cerebellum ; one at the superior pai-t of the worm at the base of the central 
lobule— //« superior commissure (fig, 60, com') ; the other at the inferior part 
{inferior commissure {com')). Commissural fibres also pierce the nuclei of the 
roof. Ill addition to these croseiug fibres, which connect the two halves of tbe 
white centre, other association fibres connect one lamina with another, passing 
in the white substance of the lamiute across their general direction, and arching 
round the fissures between tbe laminje. 

Fedtmcles of the cerebellam. — The cerebellar peduncles are constitnted by 
white fibres which pass out from or into the white medullary substance of the 
hemispheres. 

The superior peduncles {crura cul cerebrum) emerge from the upper and mesial 
part of the medullary substance of the hemispheres, and run upwards and forwards 
towards the corpora quadrigemina, under which they eventually pass and thus dis- 
appear from tbe surface. They are situated at first at tbe side, but subsequently in 
the roof, of the npper part of the fourth ventricle. These peduncles are concealed 
by the upper part of the cerebellum, so that to see them properly this must be 
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divided in the middle lioe and turned aaide. When this is done the superior miira, 
with the superior medullary velum stretched out between them, are brought into 
view. Their further course in the mid-brain will be subsequently traced. 

The fibres of the superior peduncle pass almost entirely out of the interior of the 
dentate nucleus (intraciliar fibres), but some fibres curve round the outer side of this 
without passing into it (extraciliar), and some of the mesial fibres are traceable 
directly into the white substance of the worm. ' Probably many of the fibres of 
these peduncles which emei^e trom the dentate nucleus are couDected with its cells, 
bnt others pass in bundles through the giey lamina which composes it, without 

Fig. 62.— FlOVRE BUUWIKO TUK TUBIE PAIM 

OF CERBBILLAK rstiUNCLia. ( From 
Sappej &fter Hirochfeld uiJ LeTeille.) 

On the left side the three cerebellar pc- 
dancles have been cat short ; on the rigbt 
aide the hemiBphere hu been cut obliquely 
(0 show its caonection with the superior B,aA 
inferior pedunclee. 

I, median groove of the fonrth Tentricle ; 
2, the Mme groove at the place where tho 
auditory strie emerge from it to crou the 
floor of the veatriele ; S, inferior peduncle 
or ruetifortn botly ; 4, funiculua graviliB ; 
6, superior peduncle ; on the right side the 
disaection ahowg the nuperior and inferior 
peduncle! croeaing each other an they pane 
into the white centre of the cerebellam ; 

6, fillet at the Bide of (he crura cerebri ; 

7, lateral grooves of the crura cerelri ; 8, 
corpora qiiadrigemina. 

being thus connected. They appear to go eventually to the superficial grey matter 
of the laminfe. 

From the superior medullary velnm longitudinal fibres can be traced passing into 
the white centre of the worm. These are chiefly fibres belonging to the antero- 
lateral ascending cerebellar tract (see pp. 25 and 65). 

Many, if not most, of the flbres of the superior peduncle originate In cells within tirn 
cerebellum, and undergo degeneration aa the reenlb of lesions of that origan (see p. 9!i). But 
in a case, reported by Hendel, of lesion of the left thalamus opticus, a well-marked handle of 
degenerated Sbres was traceable throng'h the tegmentum of the left side mesial to the nucleus 
t^menti, across t« the right side at the decussation of the superior peduncles, and along the 
out«r side of the ri^ht superior pednncle to the right hemisphere. 

The middle peduncles {crura ad pontem), distinguished by the small size of their 
fibres, coming from the pons Varolii, enter the lateral part of the white matter in two 
main bundles. One of these, composed of the superior transverse fibres of the 
pons which pass obliquely downwards over the others (fig. 30, i), radiates into 
the lateral and lower parts of the medullary centre of the hemispheres. The 
other bundle, which is formed of the lower transverse fibres of the pons, is joined 
at its passage into the white centre by the restiform body or inferior pednncle 
(fig. 30, A), and the fibres of both turn upwards and radiate into the upper parte 
of the medullary centre of the hemisphere, and partly into the upper part of the 
worm (but most of the pons fibres enter the hemisphere). Those peduncular 
fibres which pass into the worm are derived chiefly from the restiform body, and 
include the large fibres of the dorso-lateral cerebellar tract, most of which go to the 
same side bnt some pass across to the opposite side. Those which enter the hemi- 
sphere curve over the corpus dentatum, and are termed by Stilling the semicircular 
fibres (fig. 60, s). They come mainly from the opposite olivary through the resti- 
form body. A small part of the fibres of the restiform body is said by Stilling to 
end in the corpus dentatum. 
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The fibres of the middle peduncle, when traced ventralwards into the pons^ 
reach the middle line and there undergo decussation. After this intercrossing 
many of their fibres appear to end in the grey matter which is so abundant in 
the ventral part of the pons (nuclei pontis, fig. 49, n,p.). A certain number of fibres, 
however, take a sagittal direction in the raphe and pass towards the reticular 
foimation, where thej appear to give fibres to the posterior longitudinal bundle ; 
by which means a direct connection seems to be established between the cerebellum 
and the nuclei of the third, fourth, and sixth nerves (Mingazzini). 

The inferior peduncles (crura ad medullam) issue from the white matter of 
the lateral hemispheres, between the other two, and pass forwards immediately 
outside the superior peduncles to reach the lateral wall of the fourth ventricle. 
Here they turn sharply downwards, at a right angle, and become the restifonn 
bodies of the medulla oblongata. 

The restiform body consists of several sets of fibres having a distinct 
origin, and obtaining their medullary sheath at different periods of development. 
These fibres are as follows : — (1) Fibres of small size derived from the contra- 
lateral lower olives. These, which are the last to become medullated, are seen 
passing as arched fibres through the corresponding half of the medulla oblongata 
and across the raphe to enter the hilum of the opposite olivary nucleus. After 
passing through the band of grey matter, whether joining its cells or not is not 
certainly known, these fibres appear to pass longitudinally upwards in the reticular 
formation of the medulla oblongata and pons, and in the tegmentum of the cerebral 
peduncle, and thus to reach the cerebral hemisphere without again crossing: 
ultimately they are in all probability connected with the cerebral cortex (? of the 
psychomotor region only). The existence of this connection may probably explain 
those cases in which atrophy of one of the cerebral hemispheres, especially of the 
psychomotor region, has been found associated with atrophy of the inferior olive of 
the same side and of the restiform body and cerebellar hemisphere of the opposite side. 

(2) Fibres which emerge from the adjacent cuneate nucleus (especially its outer 
portion), and perhaps also from the gracile nucleus, and pass directly into the resti* 
form body of the same side. These fibres may represent a bulbar ascending 
cerebellar tract homologous with the dorso-lateral cerebellar tract of Flechsig which 
is seen in the spinal cord, in which case the outer cuneate nucleus may very probably 
represent Clarke's cell-column of the cord. 

According to some authorities, the restiform body also receives a contribation throngb 
the arched fibres from the contra-lateral nncleus gracilis and nucleus cuneatus. 

(8) Fibres of the dorso-lateral ascending cerebellar tract of Flechsig, which are 
traceable along the whole length of the cord from the lumbar region upwards, and 
which pass into the restiform body, and through this mainly into the same side of 
the worm. 

(4) Fibres of the descending cerebellar tract (see p. 25) which, after removal 
of the cerebellar hemisphere, undergo degeneration down the whole length of the 
antero-lateral column of the cord near its periphery (see p. 32, and fig. 71, A, B, C). 

(6) Fibres which are passing to or are derived from the root of the auditory nerve 
and perhaps others to or from some of the other cranial nerves (see p. 98). 

MIOBOSOOPIO STBUOTUBB OF THB IiAMINiB.i 

Each lamina of the cerebellum has a central part or core of white substance 
which is an offshoot (secondary or tertiary) from the white centre of the organ, 

1 Our knowledge of the actual relationship of cells and nerve-fibres in the cerebellar cortex has been 
only quite recently entirely remodelled, owing to the introduction of the method iuTented by €k>]gi, and 
its fruitful application firstly by Goigi himself and subsequently by Bamdn y Cajal. 
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and a cortex of grey matter consisting of two layers, an inner and outer, the latter 
being covered superficially by pia mater. Between the inner and outer layers of 
grey matter is an incomplete stratum of large nerve-cells, the corpuscha of Purkinje. 
The fibres of the white matter are medullated, and are disposed in bnndles which 
have a parallel course as they pass itom the principal oftshoote of tJie white centre 



a, pU mat«r ; b, eilemal U;er ; e, Uyer of 
corpoKlea of Purkinje ; d, inner or graaule 
Isjer ; t, medullar; centre. 

of the organ into the secondary lamince. 
This parallelism is maintained in their 
passage through the centre of the 
laminffi, but the fibres gradually turn 
off obliquely into the grey matter, so 
that the white core gradually thins off 
towards the extremities of the laminte. 
Owing to the turning outwards and 
passage into the grey matter of these 
bundlcB of white fibres, the white core 
is not sharply marked off under the 
microscope from the grey cortex ; but 
it is more distinctly marked oEF at the 
bottom of the fissures which separate 
the laminae than in the lamince them- 
selves. As the fibres pass radially into 
the grey matter they lose their parallel 
anaugement, and tend to branch 
amongst the small nerve-cells of the 
adjacent inner layer of the grey matter ; 
many pass thioagh this and end in the 
axis-cylinder processes of the cells of 
Parkinje, whilst others pass beyond 
these cells into the outer or "mole- 
cular " layer of the grey matter. 

The grey matter of the cerebellar 
cortex is disposed, as already intimated, 

in two distinct layers. The inner or granule layer is so called because it contaimi 
numerous small nerve-cella known as " granules : " this layer has a reddish or 
yellowish-brown colour in the fresh condition, hence it is sometimes termed the 
" mst-coloured " layer. The granules are more closely packed in the outer part of 
the layer ; near the medullary centre of the lamina they are separated by the 
entering bundles of white fibres, between which they may penetrate for some distance 
within the white centre. Besides small nerve-cells the granule-layer includes a few 
glia-cells. The outer or molecular layer has, under the microscope, a finely punctated 
(molecular) appearance. It is of fairly uniform thickness, whereas the granule-layer 
ia thicker near the extremities of the laminae than in the furrows. It contains 
nerve-cells, but they are neither so numerous nor so small as the " grannies " of the 
inner layer, many nerve-fibres, mostly running parallel to the surface, and also a 
number of fibres which run vertically to the surface {Bergmanris fibres), and end 
below the pia mater. These fibres are derived from cells which are situated in the 
granule-layer, and which are usually regarded as glia-oills (see p. 92). 



J 
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The molecnlar layer is further in large part occupied by the deadritic proto- 
plasmic procesaes of the large nerve-cells which lie at the junction of the graonle 
and medullary layers, already mentioned aa the cells or corpuxUa of Purkmje. These 
are conspicuous flask-shaped cells, each with a number of ramified protoplasmic pro- 
ceeses directed peripherally, and an axis-cylinder or nerve-procesa which passes 
centrally into the granule -layer, where it becomes medullated, and passes directly 
into a nerve-fibre of the medullary centre. As with the axis-cylinder processes nf 



Fig. <t4, — SicnoKsor coBTEi: cihebelu stiihrti bt Goiui'a mkthud. (Raiii6D y Cxj&L) 

I.— Section Uken scfobb tlie lamiuo. 

II. — Section nude in tbe direction of the lamina. 

A, OBl«r or molecular layer ; B, inner or granule lajer ; C, meclulUrT centre. 

a, corpuBcle of Piirkinje ; b, email granules of inner Jajer ; c, a protoplasmic procen of a grannlg : 
d, Derve-fibra process of ■ granule passing into the molecular layer, where it bifurcates and becomet a 
longitadinal Gbra (in L tfaese loDgitudinal fibres ore eut across aad appear aa dots) ; e, bifuication of 
another fibre ; g, a granule lying in the white centre. 

the cells of the cerebral cortex, and, according to Golgi, with those of the anterior 
horn-cells of the spinal cord, these axis-cylinder processes of Purkinje'a cells also 
give off lateral ramuscles (collaterals) which lose themselves amongst the granules, 
some turning backwards to enter the molecular layer (figs, 69, 70). The protoplasmic 
processes of the cells of Purkinje are spread out in planes which run transversely to 
the laminse (Stilling), so that they are seen in their full extent only in sections 
cut vertically to the surface but across the lamioEB (fig. 64, i.) ; whereas in vertical 
sections taken parallel to the laminte, the ramifications appear limited to a com- 
paratively narrowed tract (fig. 64, II.). The protoplasmic processes (dendrites) may 
arise by a single root or by two roots ; in either case there is a irequent dichotomous 
division, with slight enlargements at the points of division, and also the giving off 
laterally of numerous ramuscles which take a more horizontal conrse in the mole- 
cular layer than do the principal branches. The branches do not anastomose nor 
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join with those of other cells, but have free terminatioDS, often curling back for a 
Bhort dJBtance before ultimately ending. 

Besides these dendritic processes of Purkinje's cells, the molecular layer con- 
tains great numbers of very fine horizontal fibres, running longitudinally as regards 
the laminee. These pass into the molecular layer from the small cells of the granule 
layer. The asis-cylinder processes of the small "granules" in fact pass vertically 
between the corpuscles of Purkinje and enter the molecular layer, where they join, 
by a T- or Y-shaped junction, with one of the horizontal fibres just mentioned 
(fig. 64, II.) ; these fibres may therefore be regarded as the branches of the axis- 
cylinder processes of the grannle-cellg. They appear to end after a short course 
either simply or by slightly ramifying. They are probably not medallated. 

The nerve-cells of the molecular layer are divisible, according to their relative 
position in the layer, into two kinds, outer and inner. The outer cells, i.e., those 



Fig. 96. — CULS or tsi molecular lAVKa of thk cehebilluh. (Ram&n ; Cajal.) 
a, & cell from the outer part of the layer with a horizontally directed hranched axiMijlinder process! 
b, nerre-Sbre pcoceases of cells which Bend processes c to aid in formlDg the basket-work d t around the 
celli of Purkinje ; /, a process directed towards the surface of the lamina. 

in the outer half or so of the layer, somewhat smaller than the inner, have extensive 
protoplasmic processes and an axis-cylinder process which extends for some distance 
horizontally or obliquely in the layer, ramifying freely (fig. 65, a); its mode of ending 
is somewhat donbtftil. The inner cells, called also " basket "-cells, usually lie near the 
cells of Purkinje, bnt they may be placed some little distance within the molecular 
layer. Their protoplasmic processes pass in all directions, some of them even 
leaching the surface of the organ ; the axis-cjlinder process, which seems not to be 
provided with a medullary sheath, usually emerges from the side of the cell and 
extends laterally for some distance, giving off at intervals, as it passes along, a 
namber of vertical branches which pass inwards towards the cell-bodies of Purkinje's 
corpnsctes, near which they become considerably enlai^d (fig, 65, 6, c). Having 



90 THE CEBBBBLLDM. 

reached these they break up into a close feltwork of filaments (terminal ramification) 
which enrrounds the corpuscles qI Purkinje, and with similar Tamifications from 
other cells, envelopes the corpuscle in a sort of basket-work of ncrve-filamentH. 
This basket-work extends even for a short distance along the axis-cylinder process 
of the corpuscle (fig. 66). 

The " granules " of the inner, or rust-coloured, layer of the grey matter are 
mostly small nerve-cells, nearly spherical, and provided with several small proto- 
plasmic processes, which eoon end in close bnnch-like terminal ramifications within 
the layer (fig. 64, b). But the axis-cylinder process is of far greater extent, and 
taking a peripheral course, passes vertically beyond the corpuscles of Purkinje for 

Fig. 66. — Bambt-work or fibbks irodkd tmo cells or 
PuBEmjiL (Bunfin j Cajsl.) 
a, siU-c;lindsr or nerre-Gbre procewof one of the wrpDscIa 
of Puikinje ; b, fibres proloogei) o>er ths beginning of theuii- 
cyliader proccw ; c, bnuicbea at the nerre-fibra proceesea of 
ffilla of the molecular layer, felted together around the bodiea 
of the corpuKles of Purkinje. 

a variable distance into the molecular layer, where 
it becomes connected with the horizontal fibres of 
that layer (fig. C4, e) in the manner before described. 
A few of the " granules " are lai^r ; their cell- 
bodies lie chiefly in the outer part of the granule- 
layer, near the cells of Purkinje. They are somewhat 
stellate, and have long, ramified, protoplasmic pro- 
cesses ; these may penetrate both into the white 
centre of the lamina, and into the molecular layer. Their axis-cylinder processes 
are singularly branched, losing themselves in a ramification which may extend 



Fig. 67.— TSANSTBBSE BECTIOK 

WHICH PA3S mOM IHE WHITE CEdTKB TO THE OBEY HArXKR. (Ramfin J Cajal. ) 

A, moteciUar lajer ; B, cells of Purkinje ; C, granulc-lajer ; D. white Bubslance. 
"■ '■/> 9. fibres which end in plexuses enveloping the principal protoplesmic processes of tie cells 
of Purkinje ; b, an enToloping plexus ; c, body of cell of Purkinje ; m, "moss " fibres. 

throughout the whole thickness of the granule-layer ; it is not certainly known if 
they are meduUated, nor if they are connected with fibres of the white centre. 
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Of the fibres which pass from the white centre into the grey matter of the 
laminae some, which have already been described, are the nerve-processes of the celU 
of Pnrkinj'e. But others are derived from the medullated fibres of the white centre, 
which appear to have two nodes of termination in the grey matter. Some of these 
white fibres traverse the granule-layer, and, branching within that layer, exhibit 
peculiar moss-like appendages, both on their ramusclea and at the place whence these 
come off i they have on this account been termed by Ram6n y Cajal the " moes- 
fibres " (fig. 67, tn). Each such fibre, with its ramifications, exteni over a con- 
siderable area of the granule-layer, but the 
branching and moss-like elfiorescences are 
especially well marked near the level of the 
cells of Piirkinje, beyond which they pass 
into the molecular layer, where they appear 
to become longitudinal and horizontal, whilst 
breaking up yet again into ftesb branches. 



Pig. 68.— Skctiuh Of oerfbulljir lamiha or a IS-dht kitten, Knovina i 
(Kiim6a j Cujal.) 

_ . «1iB-«l]B 

Fig. 69.— Two CBUs or PnmiMJK raoi 

METHOD. (Bainfia y Cajal. ) 

A, caticnUr layer of cerelieUuin witb ineertioD of radial fibres. 

B, lajerof anperficial granules. 

C, molecular lajer ebovtDg the loDgitudiDal fibres derireil from the granules of Uie next lajrer D 
cat unH and appe&ring as pcinte. 

D, granule- layer. 

a, bodies of Furkinje'B cells, the protoplaamic processea of which are still short and very irregular. 

b, nerre-fibre process of one of the cells ; e, d, two collatendi from the some fibre i e, e, their 
terminal arborisations in the molecular layer. 

The second kind of fibre from the medullary centre (fig. 67, a, e,f, g, fig. 70,.?, », o, s), 
has been described by the same observer as passing towards the cells of Purkinje, 
and enveloping their principal dendrites in a terminal ramification, or close plexus, 
in the same manner that the bodies or bases of the cells and the commencement of 
their axis-cylinder processes are enveloped in " baskets," formed, as we have seen 
(p. 89), by the vertical branches of the nerve-processes of the inner cells of the 
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molecular layer. Tbe cell-origin of the fibres which pass from the white centre 
into the grey cortex is entirely unknown, but in many casee it is probably situated 
in the spinal cord (see diagram, fig. 20, p. 23). 

Heon^lia-oelii. — Lying amongst the nerve-cells of the granule-layer vhich are 
nearest tbe cells of Purkinje, are a number of relatively large cells (fig. 66) giving 
off dendritic processes which are directed towards the periphery, and which couree 
through the molecular layer as the fibres of Bei^mann before mentioned. From the 
other side of these cells other processes pass off and become lost, partly amongst the 
granules, partly amongst the fibres of the white centre. These centrally-directed 
fibres somewhat resemble the axis-cylinder processes of nerve-cells, but the cells in 
question are usually regarded as glia-cells, belonging, therefore, to the supporting 



Fig. 70.— TsusvKBaE secttdk or tbb vkhbbillcm or i 16-dat old fvppt, Qolgi's HnaoD. 

A, epitbelium.like lajer of mperficial loae ; B. lajer of boriionUl bipolar celk ; C, moleculai' 
layer ; b, graiiule-litjer. 

a, epitbclium-tike cell ; b, bipolu- boriiontal cell ; c. cell sending a process donawards into tbe 
mDleciilar la;er ; e, f, g, bipoUr vertical cells ; h, cell of Purkinje ; i, its nerie-fibre procew giving off 
■ collateml towards tba molecular layer ; j, n, o, », fibres from the white subrtance passing to form 
pleiusee {I, m) which envelop the upper part of tbe bodies and tbe proximal paj-t of tbe deodrilei of 
cells of Purkinje ; r, "moss" fibre. 

tissue of the nerve-centre. The peripherally-directed fibres expand at the sur&ce of 
the organ immediately underneath the pia mater into small conical enlargements, 
with their bases directed superficially ; here they form a sort of limiting membrane 
similar to the internal limiting membrane of the retina, which is formed by the 
fibres of MuUer. Althoogh many of the neiirt^lia-cells have this arrangement, 
others, which are stellate in form, lie more deeply amongst the gi'annles, or amongst 
the nerve -fibres of the medullary centre. 

In the embryonic cerebellum and iu most animals for & few days aft«r birth, there is a 
layer of granule-like cells, several deep, superficial to the molecular layer. This has been 
tumed b; Ranifiii j Cajal, the zone of superficial grsuules, and he has shown that it U fonned 
at a certain stage of development of two distinct strata, one the more Buperficial composed 
of epithelium-like elements set perpendicularly to the surface, and the other oext to the 
molecalai layer composed of bipolar cells placed parallel to the surface, and to the direction 
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of the cerebellar lamellss (tg. 70, A, B). Bat the further deyelopment of these cells has not as 
yet been ascertained, and it can only be conjectured that they become gradually transformed into 
cells of the molecular layer, for no such superficial zone can be seen in the adult cerebellum. 
At early stages of development there are also to be seen in the molecular layer, bipolar cells 
placed with their axes vertical, and having protoplasmic processes extending down towards or 
into the rust-coloured layer, and axis-cylinder processes extending towards the surface, and 
becoming continued by T-shaped junctions into fibres running parallel with the processes of 
the horizontal bipolar cells which have just been described. These vertical bipolar cells may 
perhaps be derived from the horizontal ones, and represent a stage in the formation of the 
smaller granules of the rust-coloured layer, but we have no clear evidence as to their further 
course of development. Like the superficial granules they also are only found in young 
animals. The cells of Purkinje in the cerebellum of embryonic and very young animals are 
very irregular multipolar cells, with relatively short protoplasmic processes, but a well- 
developed axis-cylinder process, which already has two or three collateral fibres extending 
towards and ramifying in the deeper part of the molecular layer (fig. 69). It is not until two or 
three weeks after birth (in the dog) that the dendrites begin to assume the characteristic form 
and arrangement. The arborescence which in the adult cerebellum envelopes the principal 
dendrites of the cells of Purkinje (see p. 91 and fig. 67), is at this early stage chiefiy con- 
fined to the upper part of the body of the cell (fig. 70). 
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The degenerations of nerve-fibres which follow lesions of the cerebellum have 
been investigated by Marchi in animals (dogs and monkeys) operated upon by Luciani. 

Hemieztirpation (see fig. 71). — After removal of one half of the organ 
extensive degeneration is seen in all three peduncles of the same side ; very little, if 
any, in the peduncles of the opposite side. It may therefore be interred that none 
of the peduncles contain commissural fibres connecting the two halves of the organ. 

The degenerated fibres in the superior peduncle pass partly to the tegmental nucleus 
of the opposite side, and partly to that of the same side ; in other words, the decus- 
sation of these peduncles in the region of the inferior corpora quadrigemina is not 
complete. Some fibres can be traced as far as the optic thalamus. 

The middle peduncle^ after removal of the corresponding half of the cerebellum, 
is completely degenerated as far as the raphe. Degenerated fibres are seen inter- 
mingled with the pyramidal fibres both of the same side and of the opposite side, 
and with the fibres of the fillet and posterior longitudinal bundle, mainly of the 
same side. Degeneration and atrophy are also produced in the grey matter of the 
pons (nuclei pontis) of the same side. The degeneration in the fillet and posterior 
longitudinal bundle is most marked on the side of the lesion ; it can be followed 
upwards to the region of the corpora quadrigemina, and downwai-ds to a tract at the 
periphery of the antero-lateral column of the spinal cord. A bundle of degenerated 
fibres is also seen passing to the pyramidal tract. These appear to pass upwards 
towards the corpora quadrigemina, and probably to the corpus striatum, chiefiy 
of the same side ; a few are traceable downwards into the cord. 

The inferior peduncle, after hemiextirpation of the cerebellum, is notably 
degenerated in its inner and outer parts. A small degenerated bundle is traceable 
with the inner arched fibres, across the raphe to the opposite lower olive which 
undergoes complete atrophy ; other arched bundles pass from the restitbrm body to 
the tract of the fillet, and of the posterior longitudinal bundle of the same side ; 
and from these, as above stated, many degenerated fibres are traceable down the 
periphery of the antero-lateral column of the cord, some down the pyramidal tract, 
but most are situated ventral to the direct cerebellar tract of Flechsig in the 
antero-lateral descending cerebellar tract. 

It is also stated by Marchi that after hemiextirpation of the cerebellum, degene- 
rated fibres are seen passing along with the roots of nearly all the cranial nerves, 
especially the second, third, fifth (ascending root)? sixth, seventh, and twelfth, and 
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the Btrite mednllareB, and along with the anterior roots of the spinal nerves. These 
degenerated fibres are numerous on the name side as the lesion, bnt a few occnr in 
the opposite nerves. Those which pass to the cranial ner?ea run along the posterior 



Fig. 71. — OOIUm 0» SKCTL0F3 8HOWIK0 

HALF or THI CBLBBKLLUH IN TBI I>00. (Mdrchl.) 

A, lambMr cord ; B, cervical cord ; C, medallk oblangat& ; D, pans Varolii ; B, mid-brain at nnclcDB 
«[ third nerre. 

In A and B, the degeneration is in the ontero-Utetsl column of the Bame aide as the lesion, except in 
B, vhere there iB a little degeneration on tbe opposite side. 

In C, 1 indicatea the restiform body ; b, the'ascending root of tbe fifth ; t, tbe poeterior lon^tndinal 
handle ; d, the antero- lateral tract ; e, the pyramids ; /, the oliTSij nucleus ; g, the fiUet ; h, the 
brpogloma] nucleus. 

In D, a is tba superior cerebellar peduncle ; b, tbe middle peduncle ; c, the peaterior longitudinal 
bundle ; d, the fillet ; e. the antero-lateral tract ; /, the raphe. 

In B. a ia the nucleus tegmenti (moat degeneration in the crossed superior cerebellar pedonele): 
b, the issuing Gbrea of the third nen-e ; d, the posterior longitudinal bundle ; e, the croata ; /, part of 
the fillet. 

longitudinal bundle, those which pass to the spinal nerves down the descending 
antero-lateral tract of the cord. 

Extirpation of worm. — After hemi -extirpation of the middle lobe only 
of tbe cerebellum the degeneration in the saperior peduncle is comparativet; 
slight, and entirely crosses at the decussation to pass to the tegmental nnclens of 
the opposite side. The degeneration of the middle peduncle is most marked 
Id tbe upper third of the pons ; bnt little occurring in tbe lower two-thirds. 
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That of the inferior peduncle is limited to the outer or lateral part of the restiform 
body. A few fibres pass from this across the raphe to the lower olive of the 
opposite side. Others pass as arched fibres to the tract of the fillet, to the posterior 
longitudinal bundle, and through this to the cranial nerve-roots, especially the 
third, fifth, eighth, and twelfth. Others are traceable down the antero-lateral 
columns of the cord, but those to the pyramidal tract are lacking. 
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nany-BBAnt, oh xesehtcepsaloth, aitd bsoioit or thtrt> 

\rEHTBICLS. OB THALAMBNCEPHALOK {INTER-BBAIN}. 

The parte of the brain neit to be described are entirely covered by the cerebral 
hemisphereB. They comprise the crura cerebri and corpora qnadrigemlDa, the optic 
thalami with the middle commissure, and the pineal body, in addition to the 
following structures which are seen when the braiu is removed from the Bkull and 
its under-Burface or base is examined, viz. : — the poflterior perforated Space, the 
corpora albic&ntia, the tuber cinereuni with the infundibalum and pituitary body, 
the opbic tracts and cfaiasma, and the lamina cinerea. Of these the corpora quadri- 
gemiua and crura cerebri are found in connection with the aqueduct of Sylvius, and 
belong to the mid-brain, while the optic thalami and the other structures above 
enumerated occur iu connection with the third ventricle, and belong to the inter- 
brain. 

The aqnednot of Sjlvliu (iter a tertjo ad quartum ventriculam) is a narrow 
passage into which the upper end of the fourth ventricle gradually narrows, and 
which in front expands abruptly into the third ventricle. It is rather more than 




Fig. 72.— Skciiows iBBounH the ohihis of ths foobih bebvs (Stilling). 

A. truisTeree section st the plnc« of emergence of the nerve-fibres, B, oblique section carried slang 
tbe coarae of the bundles from tiie nucleus of origin to the pince of emerRence. Aq, Sylvian iqueduct. 
with its snnoanding grej matter ; IV, tbe nerve-bundles emerging : IV', decnisatian of the nerveii of 
the two sides ; IV, a round hnndlo passing downwarda by the side of Uie nqaedact to emerge * little 
lower doirn ; n.IV, nucleus of the fourth nerve. I, SI let ; s. c. p., superior ecrebellu peduDcie; 
d. v., deManding root of the fifth iierve ; pi, posterior longitudinal bundle ; r, raphe. 

half an inch long. In shape it varies in different parts, being T-shaped in section 
below (near the fourth ventricle), triangular above (near the third), and in the 
intermediate part of an elongated oval form, but somewhat shield-shaped in the 
region of the superior corpora quadrigemina. It is lined by ciliated columnar 
epithelium, outaide which is a thick layer of grey matter, continuous with that of 
the fourth ventricle. Outside tliis central grey mailer of lh« aqueduct, the lateral 
and ventral parts (baeal part) of the roesencephttloii arc composed of the thick 
masses of the cerebral peduncles (crura cerebri), whilst the dorsum is formed by the 
lamina quadrigemina, so called from bearing the four mamillated tubercles known as 
the corpora quadrigemina. 

The epithelium which lines the Sylvian aqueduct is ciliated (as elsewhere in the 
ventricles of the brain) and the attached ends of the cells extend as radiating 
ependymal fibres through the thickness of the mid-brain to reach the surface — at 
least, this can be seen to be so in the embryo and in small vertebrates, and is 
probably also tme for all. But some of the ependymal fibres are attached to 
neuroglia cells which occur at various levels in the course of the fibres ; they have 
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probably been formed by the detachment of some of the epithelium cells. The fibres 
which extend from them often branch dichotomoasly beeidee posseBBing many small 
lateral ofFaeta. 

The Sylvian aqueduct expands suddenly immediately after passing beneath 
the posterior commissure into a comparatively large, laterally compresBed cavity, 
termed the third vAntricle (fig. 73). This, which ie deeper in front then behind, 
passes at its anterior and lowerextremity toa conical termination which lies over the 

Fig. 78.— VlKW FROM iBOYS 0" IKK 
TBK LATEBAL VEHTHICLES ([letllej. 

The brain bu been sliced boriiontellj 
immediately below (he corpaa callofum, 
and the fornix tad velum intertKSitum 
hare been removed. 

Tho, thalamuB opticoB ; Ti, ita ante- 
rior tubarcle; Pr, pulvinai ; Com. middle 
coinmiiuure stretching between the two 

optic thslami acroBB the middle of the ., 

third ventiicle ; Cf, colnmnsof thefomii; ' 

C'n, pineal gland projecting downwai'de 
and backw&rdB between the superior eor- 
pon qnadrigemina ; .§Y, atria terminnlis; 
Ct, nucleoB caodatufl of the corpus stria- 
tum ; Vil, ventricle of the Beptnm luci- 
dnni : CeP, section of the genu of the 
corpiu callosum ; Pen, commencement of 
the pineal atria or peduncle, T/o ; Cop, 

optic commissure {optic recess). 
Below and behind this is a conical 
depression, the infundibttlum, 
leading towards the pituitary body 
{hypf^hysis cerebri). At the 
posterior extremity, immediately 
above the entrance of the aque- 
duct, and separated firom it by 
the posterior commissure, is an- 
other smaller depression {pineal 
recess) (fig. 90, p. 126) extend- 
ing into the stalk of the pineal 
gland or conariam (fig. 73, Cn), 
which here projects backwards* 

over the mid-brain. Another „„ 

depression extends backwards 

over the pineal stalk ; this is termed the suprapineal recess (fig. 90). The 
ventricle is bounded laterally by the optic Ihalami (fig. 73, Tfut), which come 
almost in contact with one another in the median plane ; and a little in advance 
of the middle of the ventricle, are actually united by a connecting band of grey 
matter of variable extent, termed the middle or soft commissure {fig, 73, Com. ; 
fig. 83, m.c). This is sometimes double and occasionally wanting: it is liable 
to be torn across in removing the brain. The lateral walls of the cavity are 
slightly convex, and each is marked towards the anterior end by a white curved 
bond, with its convexity forwards, which becomes more prominent as it passes 
upwards towards the roof. These bands are named the anterior pillars or columns 
<^ the fornix (fig. 73, Cf). Immediately behind the most prominent part of 
each of these, between it and the anterior part of the thalamus, is an aperture 
{foramen of Monro) leading into the ventricle of the hemisphere (lateral ventricle.) 
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All along the upper curved margin of the lateral wall, from the pillar of the fornix 
to the pineal gland, runs a white stria, known as the stria pinealis^ stria medidlaris, 
or Umiafomids (fig. 73, Tfo). The floor of the ventricle is formed posteriorly by 
the isgmmta of the crura cerebri, and where the crura diverge from one another by 
the following parts, which have been already mentioned as seen at the base of the 
cerebrum ; viz., commencing from behind, the grey matter of the posterior per/orated 
space, the corpora albicantia, sen mamUlariay the tuber cinereum and infundibiUum ; 
the lamina cinerea serves to close the ventricle in front. The roof of the cavity is 
limited before and behind by two commissures, named from their position, ante)ior 
and posterior. Of these the anterior will be described with the cerebral hemispheres. 

The third ventricle is lined, like the other cavities already described, by ciliated 
epithelium, which is thin and flattened over the roof, i.e., lining the velnm and 
choroid plexuses, but longer and more columnar at the bottom and sides. The 
floor, which is narrow, is formed, underneath the epithelium, of grey matter con- 
tinuous with that of the Sylvian aqueduct, and this central grey matter extends a 
short distance upwards on the wall of the thalamus. The central grey substance 
rests behind upon the still conjoined part of the tegmenta ; but anteriorly, after 
these have diverged, it comes to the surface at the base of the brain as the posterior 
perforated lamina and the tuber cinereum. The lateral walls of the ventricle have 
but a thin covering of neuroglia (ependyma) underneath the lining epithelium ; so 
that the white covering (stratum zonale) of the thalami comes to view through it. 

The epithelial covering of the roof of the ventricle is not free but covers the 
under surface of the median portion of an expansion of pia mater named the velum 
interposilum, which overlies the third ventricle as well as the larger part of the optic 
thalami. The epithelium follows all the inequalities of two fringed vascular ti'acts 
(choroid plexuses of the third ventricle) which project downward from the mem- 
brane, and it becomes torn away when the pia mater is removed. At the pineal stria 
(fig. 73, T/o) on either side it is continuous with the epithelium covering the lateral 
wall This stria therefore represents the limit of the third ventricle so far as the 
lateral boundaries of the roof are concerned : the upper surface of each optic thala- 
mus is excluded from this cavity. 

The central grey matter of the aqueduct (fig. 76, c, gr.) is a layer 2 to 3 milli- 
meters thick which surrounds the aqueduct, and is prolonged ft'om the grey matter 
of the fourth ventricle. It contains, scattered through its substance, nerve-cells of 
varying size, the largest being prolonged upwards from the locus coeruleus of the 
fourth ventricle ; the cells are very numerous and small at the dorsal side of the 
aqueduct. In addition to these scattered cells the grey matter of the aqueduct 
contains certain more defined groups or columns of cells which are connected with 
the roots of the third and fourth, and of the fifth cranial nerves. Amongst the 
cells there is a network of fine medullated nerve fibres, whilst near the aqueduct 
and immediately under the ependymal layer many fine longitudinal fibres are seen. 

The nuclei of the third and fourth nerves (fig. 76, ».///., IV, extend on 
either side along almost the whole length of the ventral part of the aqueduct, 
close to the middle line, the nuclei of the two sides being only separated from one 
another by the raphe ; at one part they even meet across this (fig. 78, n.///). 
The cells of these nuclei are large and irregular in shape, and of a yellowish 
colour. The nucleus from which the root-bundles of the fourth nerve spring 
does not begin to show itself until the level of the upper part of the inferior 
corpora quadrigemina, and it here lies just below and rather to the side of ttiat 
from which the bundles of the third originate. From here the bundles of the fourth 
pass obliquely downwards towards the pons, and just before reaching this the nerve 
turns sharply dorsal-wards, and passes into the superior medullary velum, in which 
it crosses horizontally, decussating with that of the opposite side (fig. 72). 
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The Ducleua from which the third nerve takes origin extends upwards underneath 
the saperior corpora qaadiigemina, ventral to the Sylvian aqueduct, and even extends 
into a corresponding situation in the pofiterior part of the third ventricle. The 
anterior fanperior) part is composed of smaller cells than the other portion : it 
extends forwards into the wall of the third ventricle, and from the experiments of 
Hensea and Voelckers and the observations of Starr, it appears to be subdivided 
into two portions, of which that which ie the more mesial, and lies jnst above the 
corpora mamillaria, is connected with the fibres of the third nerve to the ciliary 
mnscle, whilst that which is the more lateral is connected with the fibres concerned 
with the contraction of the sphinct«r pnpillee. The main part of the ocalomotor 
nncleuB is formed by large cells, which tend to be gronped (see diagram, fig. 74). 
Thus, there are two distinct groups on each side which are dorso-lateral {dorsal 
niKlei), and two which are ventro-mesial (yenlral nwlei). These four onclei are 
gronped aronnd a central ntieUttB which lies in the middle line. Besides these, 
there is an elongated nncl&Ds of small cells which inferiorlj (candalwards) 
lies in close contact with the cen- 
tral nucleus but superiorly curves 
outwards. This is known as the 
nucUv* of Edmger and Weatphal, 
but it is uncertain whether it gives 
origin to any fibres of the third 
nerve. It has not been certainly 
ascertained from which of the seve- 
re groups the fibres to particular 
moacles moving the globe of the eye 
proceed. From the several groups 
«f cells which constitute the oculo- 
motor nucleus the fibres of the third 
nerve pass with a curved course 
through the tegmentum, to emerge 
at the inner mai^in of the crusta of 

the same side ; bat the fibres from ' 

the posterior of the dorsal groups 
undergo decnssation. These fibres 
are believed to pass to the internal 
rectna of the opposite side. 

In a case recorded by Kahler and Fig. 74.— Dmchah or thb onoupa or mils roamKO 
Pick, in which there wag pftralysis of ™.^^^'-" °' "" tHmn jikd focbth iiiHrES. 

the lovfttor palpebne, the rectus aoperior li'eiUa. } 

and the obhquoe inferior, a lesion was 

found invoMn J the pOBtero-lateral bundle of the nerve-roote. The oheervationB of Starr point 
U> these three mOBClcB being innervated from the doraul (dorso-lateral) (rronps, and the rectus 
internns and rectus inferior from the ventral (ventro-mesial) groups, in the order here given 
(from above down). 

It has been shown by Duval and Laborde that the third nerve receives fibres 
from the mesial part of the posterior longitudinal bundle of the opposite side 
(possibly some fibres also pass to it from the posterior longitudinal bundle of the same 
side). These fibres are derived mainly from the nucleus of the sixth nerve, and pass 
out along with the fibres of the third nerve to the internal rectus, so that the nncleue 
of the sixth thus supplies both the external rectus of the same side entirely, and the 
internal rectus of the opposite side partially (fibres derived from the nucleus of the 
third also going to the iutemat rectus). Tbese are, it may be noted, the muscles 
which are brought together into action in conjugate deviation of the eyes to either 
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Bide, and the cases which are Bometimes met with of conjugate paralysis involviDg 
the internal rectus of one side, and the external rectus of the other side, which 
are accompanied by atrophy of the nucleus of the sixth, are thus accounted for. 

The prolongation of the upper nucleiis of the fifth nerve consists of a small 
number of large globose cells (figs. 75, 76, d.V), which lie at the extreme lateral 
margin of the grey matter of the aqueduct close to the bundles of the descending 
root of the fifth nerve, towards which their axis-cylinder processes are directed. This 
nucleus and root gradually become smaller, and disappear before the superior end of 
the mesencephalon is reached. 

The crura cerebri (fig. 32, P) emerge from the upper border of the pons and 
diverge from one another, leaving between them the posterior perforated space and 
the corpora mamillaria and disappearing in the cerebral hemispheres under the 
optic tract. The triangular interval seen at the base of the brain to be enclosed 
between the diverging crura has been termed trigonum interpedunculare by 
Schwalbe. Near the point of the angle of divergence the roots of the third nerve 
issue in several bundles from a groove along their inner side (fig. 32, ///.) ; and 
this groove serves to indicate the separation between the more prominent ventral 
part of the peduncle ( pes s, basis s. crusta peduncuUy fig. 75, cr.) and the dorsal 
and larger part {tegmentum^ /.) which is in great measure concealed from view by 

Fig. 75. — Outline of two sections across 

THE MESENCEPHALON. Natur&l size. 

(E. A. S.) 

A, through the inferior i>air of the coii)or& 
qaadrigemina : b, through the superior imir. 

cr, crusta ; «.n., substautia nigra ; f, teg> 
mentum ; «, Sylvian aqueduct with the cen- 
tral grey matter ; e.g., grey matter of quad- 
rigeminal bodies ; l.g.j lateral groove ; p.l.y 
posterior longitudinal bundle ; d, V, descend- 
ing root of fifth nerve; s.cp.^ superior cerebellar peduncle ; /, fillet. The dotted circle in b indicates 
the tegmental nucleus. 

the pes when viewed from below and in front. A section into the cms cerebri 
shows the two parts of which it is composed to be separated from one another by a 
tract of dark coloured grey substance known as the substantia nigra (fig. 75, sn\ 
which comes to the surface on the inner side at the groove above mentioned from 
which the third nerve issues {sulcus octUomotorii), and on the outer side also along 
a grooved line — ^the sulcus lateralis (fig. 75, Z.^.). 

Of the two main parts of each peduncle the crusts (cr) is formed almost entirely 
of lamellated bundles of longitudinal fibres, some of which are continuous with the 
pyramid-fibres of the medulla oblongata and pons, whilst others are superadded ; and 
the tegmentum is a continuation of the formatio reticularis of those parts, with the 
addition of much grey matter and white fibres, amongst the latter being those of 
the superior peduncle of the cerebellum. The two ventral portions (crustee or pedes) 
are entirely distinct from one another (as shown in the accompanying sections, 
fig. 75), and each is marked off externally from the tegmentum of the same side by 
the grooves just mentioned ; but the two tegmenta are united in the median plane 
by a prolongation of the raphe, and extend dorsally at the sides of the aqueduct to 
become continuous with the bases of the corpora quadrigemina. 

Crasta. — The crusta is semilunar in section, the substantia nigra projecting 
into it with an irregular convex border. It is made up of longitudinal white fibres 
which become arranged in the higher parts of the mid-brain into flattened bundles, 
with their edges dorsal and ventral, separated from one another by processes of pia 
mater. The main part is a direct prolongation of the longitudinal bundles of the 
pons and passes superiorly towards the internal capsule of the cerebral hemisphere. 





THE CRURA CEREBRI. 1 1 

Close to the substantia nigra, the bandies of white fibres are smaller and some- 
what separated by projections of the grey matter extending between them. They 
have received the name of stratum inlennedium. These ^re usually stated to have a 
different origin and destination from the other fibres of the crusta, passing, accord- 
ing to Meynert, between the lenticular nucleus of the corpus striatum (see p. 131), 
and the substantia nigra and reticular formation of the bulb and pons. It is 
doubtful, however, if this is true for any of these fibres, and is certainly not the 
case with the majority, for (in monkeys) after a lesion of the Bolandic region, most 
if not all the fibres of the stratum intermedium undergo degeneration along with the 
fibres of the pyramidal tract, to which, therefore, they must be regarded as belonging. 

The pyramidal tract of the mesencephalon^ or continuation of the pyramid- 
bundles of the pons, occupies about the middle third of the crusta. Superiorly 
its fibres pass through the middle part of the internal capsule to the fronto-parietal 
or Bolandio region of the hemisphere. By far the majority arise from the cortical 
cells, but a few have their cell-origin in the cord or bulb, and degenerate after 
lesions of these parts. 

It is remarkable that whereas in the lower part of its course (spinal cord and 
bulb) the fibres of the pyramidal tract acquire a medullary sheath later than the 
other fibres of the white columns, in the upper part (crus cerebri and cerebrum) it is 
acquired earlier than in the other fibres. 

The outer or lateral third of the crusta is formed of fibres which are traceable 
downwards to the lateral longitudinal bundles of the pons, and upwards to the 
posterior part of the internal capsule, but their origin and destination have not yet 
been satisfactorily made out They are probably connected superiorly with the 
occipito-temporal regions of the cerebral cortex, and according to Flechsig they arise 
below from the cells of the nuclei pontis. 

The mesially situated bundles of the crusta are also distinct from the pyramidal 
tract proper (Flechsig), being developed at a later period. They are perhaps 
connected through the anterior part of the internal capsule with the prefrontal 
r^on of the hemisphere. Finally, one well-marked bundle in the crusta is con- 
nected with the fillet (mesial fillet^ pp. 66, 67, and 103). This bundle is at the 
lateral border of the pyramidal tract in the upper part of the crusta, but lower down 
crosses obliquely over or between the fibres of that tract to attain the mesial border 
of the crusta, whence it is tittceable to the fillet. It contains, according to Spitzka, 
the afferent cerebral tracts of the cranial nerves. Traced upwards it is lost in the 
subthalamic region. 

Lastly the crusta includes some fibres derived originally from the cerebellum and 
joining the pyramidal tract in its passage through the pons, such fibres being 
scattered amongst the fibres of the other tracts. 

The substantia nigra is a mass of grey matter which is characterised by the 
presence of a number of very darkly pigmented irregular nerve-cells, which give the 
substance in which they are scattered the appearance from which it derives its name. 
It forms a layer which separates the crusta from the tegmentum. It is thicker 
near the mesial border of the peduncle than laterally, where the tract of the fillet 
may be but incompletely separated by it from the longitudinal bundles of the crusta. 
It commences at the upper margin of the pons, and can be traced as far forwards as 
the posterior border of the corpora albioantia. At the origin of the third nerve it is 
traversed in its mesial part by some of the issuing fibres of the nerve-root. The 
grey matter of the substantia nigra projects here and there between the adjacent 
bundles of the crusta ; one considerable projection in particular in the lower part 
of the mesencephalon serving to mark off the mesial portion of the crusta from the 
rest The cells in this projection are much smaller, and relatively more numerous 
than in the rest of the substantia nigra. 
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The taffmentam, like the foi-matio reticularis of the bulb and pons, of which 
it is the prolongation upwards, is composed of small longitudinal bundles of white 
fibres, separated by transyerselj conrsing or arched fibres, leather with a con- 
siderable amount of grey Diatter contaiaiug scattered nerve-cells. 

In additio:! to these diffused bundles of lot^itadinal fibres there are others 
which are collected into more defined tracts. One such tract constitutes the 
posterior or dorsal lonaritndinal litudla, which is seen in all sections of this 
part of the brain as a pyriform area of transversely cut fibres which lies on each side 
of the middle line between the grey matter underlying the aqueduct, and the 
formatio reticularis (fig. 76, ^./.&.). The fibres which constitute this bundle below 



gr., donal qnadrigeiDiDal grooTS (sulcus longitudinal is) 
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have ah-eady been noticed (see p. 65 and figs. 53, 54) ; traced upwards its fibres 
become related to the nuclei of the third and fourth nerves, and mostly pass out with 
the roots of these nerves. The posterior longitudinal bundle is composed exclusively 
of large nerve-fibres, which acquire their myelin at an early stage, in fact, as bood 
as the roots of the nerves themselves. Although its fibres are lai^e, it gives off 
principally fine nerve-fibres (Koppen). If this is the case they are probably 
collaterals. It appears to be developed in nearly all vertebrates, and in some is 
better marked than in mammals ; e.g., in the lizanl it can be traced right down the 
cord dorsal to the anterior or ventral commissure. Although mainly related to the 



TRACT OF THE FILLET. 108 

sixth, fourth and third nerve-roots, fibres also pass from it to the auditory nucleus, 
and others to the cerebellum. After giving off fibres to the root of the third nerve the 
posterior longitudinal bundle is continued into the posterior commissure (see p. 109), 
and partly upwards into the subthalamic region (? to the substantia interansalis, see 
p. 1]2). The posterior longitudinal bundles come close together at the raph6, and 
fibres pass from oneio the other. These are probably the fibres which effect a crossed 
connection between the abducens nucleus of the one side and the fibres passing to 
the internal rectus by the third nerve of the other side (see pp. 63 and 99). Perhaps, 
also, a connection is established through the posterior longitudinal bundle between 
the facial and the oculomotor nucleus (Mendel). The posterior longitudinal bundle 
is very small in the mole (Forel), large in reptiles and amphibia (Spitzka). 

&raoliiiim co^JunctiTonir ; superior cerebellar pednncle. — ^Another tract 
of longitudinal and decussating fibres is derived from the superior peduncle of 
the cerebellum, which we have already traced as it passes forwards over the 
superior end of the fourth ventricle. Reaching the sides of the aqueduct as a 
well-marked bundle, of semilunar shape in section (fig. 7^, 8,c,p)y it gradually takes 
a more ventral position as it is traced upwards in the mesencephalon, and its 
fibres sopn begin to pass across the raphe, decussating with those of the other side 
(fig. 75 A, and fig. 76, 8.c,p,)y the decussation extending as far upwards as the superior 
pair of corpora quadrigemina. Having thus crossed to the opposite side the tract 
in question pursues its course longitudinally upwards, appearing at first as a white 
bundle, but higher up enclosing in its pas«iage a tract of grey matter with numerous 
large pigmented cells, known as the nucUua of ths tegmentum or red nucleus (fig. 
75, B, and fig. 78, r.n.), and probably receiving an accession of fibres from these cells. 
Above, the tract passes into the ventral part of the optic thalamus. Some fibres 
do not cross, but enter the red nucleus of the same side. 

Between the two red nuclei a small white bundle {Meynerfs bundle) passes 
backwards on either side of the raph6 from the ganglion of the habenula near the 
roof of the third ventricle to a small mass of grey matter which lies between the 
crura {ganglion inierpedunculare, fig. 76, g.i»jp.). 

Tract of the fillet. — The fillet, which, in sections across the upper part of the 
pons, forms a considerable flattened bundle of longitudinal fibres at the ventral 
border of the formatio reticularis, is traceable upwards into the ventral part of the 
tegmentum. Soon, however, the large laterally situated part of this tract is seen to 
pass obliquely outwards and emerge at the side of the crus cerebri, curving obliquely 
over the outer side of the prolongation of the cerebellar peduncle (fig. 76, a, /), 
and tending for the most part towards the inferior corpora quadrigemina. It is seen 
on the surface as a band of obliquely curved fibres, occupying a triangular area at 
the side of the tegmentum (fig. 76,/'), and it was to this band that the name of 
fillet was originally applied by Eeil. It is now known as the lower or lateral fillet. 
It is reinforced by fibres from the superior medullary velum which also curve round 
the superior cerebellar peduncle, and which are probably derived from the antero- 
lateral ascending tract of the cord, for they undergo degeneration after section of 
the cord (see below). The fillet is covered externally by a thin layer of grey matter 
containing nerve-cells. 

But all the fibres of the tract of the fillet do not take the course above indicated. 
Those nearest the middle line (mesial fillet) separate themselves from the rest, and 
pass at the lower part of the mesencephalon into the crusta (see p. 101), where they 
form a mesial bundle (Wernicke), which is traceable up into the subthalamic region, 
where it joins the ansa lenticularis. Those next in order {middle portion) are for 
the most part, according to Forel, continued upwards in the formatio reticularis 
of the tegmentum, but many of the fibres become lost amongst its cells, and 
are not traceable further as a distinct tract. According to Edinger, they have a cell- 
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Btation in a special group of nerve-cells {upper nttcleus of the fillet) at the level of the 
inferior corpora quadrigemina. Some of the lateral fibres of this middle portion, 
however, pass to the upper corpora quadrigemina {upper fillet), and even extend 
beyond the superior quadrigeminal region to the subthalamic region (Flechsig), 
eventually reaching the parieto-occipital part of the cerebral hemispheres by the 
posterior part of the internal capsule (v. Gudden). Both the upper and lower fillet 
receive fibres irom the antero-lateral columns of the spinal cord, for after hemisection 
of the cord degenerated fibres are seen on the same side, both in the lateral fillet of the 
mesencephalon, where they are mingled with the mass of undegenerated fibres which 
have been derived irom the nucleus gracilis and nucleus cuneatus (see p. 58 and 
below), and in the bundle of the upper fillet, which enters the superior corpora quadri- 
gemina ; a few degenerated fibres are also seen in corresponding positions on the oppo- 
site side. Traced downwards the fibres of the lower fillet pass, as we have seen, a lew 
by means of the trapezium towards the auditory nucleus of the opposite side, a few 
to the antero-lateral column of the medulla oblongata and cord (antero-lateral 
ascending tract), but most are traceable to the anterior column of the medulla 
oblongata dorsal to the pyramids, and passing across the raphe, proceed as internal 
arched fibres to the nuclei of the posterior columns, from the cells of which they in 
all probability arise. 

To sum up : — ^The fillet as a whole is composed of ascending fibres, most of which 
are derived from the nuclei of the opposite posterior columns of the medulla 
oblongata, but a few from other sources. The fibres of the antero-lateral ascending 
tract which enter the fillet may, according to Edinger, be derived from cells of the 
opposite posterior horn of the spinal cord ; if so, all the liUet-fibres may be regarded 
as having crossed over from the opposite side, some in the cord, others at the 
superior or sensory decussation in the medulla oblongata. The fact that they are 
thus derived is however by no means certain. Superiorly the fillet may be described 
as being prolonged upwards above the pons in three parts, of which one — the lower 
fillet — ^goes to the inferior of the corpora quadrigemina of the same side, a second — 
upper fillet — to the superior corpora quadrigemina and occipital region of the 
cerebral hemisphere, and a third, mesial fillet, to the base of the cerebrum through 
the crusta. 



DORSAIj PABT of THX MID-BRAIN: OORPORA QUADRiaBMINA. 

As before stated the Sylvian aqueduct is covered on its dorsal aspect by the 
quadrigeminal lamina, bearing the bodies of the same name. The median part of 
the lamina is marked by a comparatively wide groove {suUils longitudinalis^ 8. 
8agittal%s)y shallower inferiorly, which serves to separate the corpora quadrigemina 
of opposite sides (fig. 77). This grooved surface, which is raised above the level of 
the upper medullary velum, is connected with the velum by a small median strand 
of longitudinal fibres termed the /r^nwZwm veli (fig. llyfr). In front of the upper 
(anterior) pair of corpora quadrigemina the groove is interrupted by a transverse 
white prominence — the posterior commissure ; but both this and the upper end of 
the median groove are in the natural condition concealed by the pineal body (jp), 
which projects backwards and downwards from the posterior wall of the third 
ventricle and rests between the upper pair of quadrigeminal bodies. A well-marked 
narrow transverse groove {sulcus transversus) which commences a short distance 
from the middle line, and is curved round the lower border of the upper tubercle, 
separates this from the lower tubercle of the same side. 

The corpora qnadrigemina are two pairs of rounded eminences which are 
mainly composed of grey matter, although covered externally by and containing in 
their interior many white fibres. The upper or anterior tubercles (fig. 77, c,q.s.) 
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are broader and longer and also darker in ooloar, but slightly less prominent than 
the lower or posterior {cq.iy. Laterally the corpora qoadrigemina are not bonnded 
by a diBtinct groove, bat each appears to be prolonged obliqncly npwards and forwards 
into a prominent white tract, known as the bracktitm of the coiTesponding tnbercle. 
The lower (poaterior) brachinm (fig. 77, 6r.i.) loeee itself underneath an oval 
prominence which is seen at the side of the upper end of the cms cerebri, and is 
termed the inner geniculate body (fig. 77, cg.i. ; fig. 78, c^.m.). The nj^Mr (anterior) 
bracbium passes between the same geniculate body, and the prominent poeteiior 
eitremity of the optic thalamus into the external geniculate body (fig. 78, e.g.1.) and 
the optic tract, of which it may be regarded as the main prolongation (see also fig. 86, 
p. 117). The contionity is much better seen externally in some animals than in man. 
The connection of the superior quadrigeminal bodies with the optic tract and the 
sense of sight is far more intimate than that of the inferior. For if in a young 
animal the eye on the one side be extirpated, the operation is fonnd to be foUowed 

Fig. 77. — Viiw or the nDULLi, foks, ihd 



iiiiusK (E.A. &) 

ThecercbellDm, the ioferior medullary vetum, 
and tfae right balf of the Boperior medull&r; 
velnm, h»TB been cut awoj, w a« to dispUj the 
tonrth lentricle. 

e.q.t, cg.i, superior and inferior qnadri- 
gemiual bodies of the left side ; the pineal 
gland, p, is seen projecting backwardB between 
(be luperior bodies, and the [nenulum. fr, 
passe* up from the Buperior medullary velum, 
*.nt.r, to the interval beC«eea the postorior 
quadrigeminal bodies ; th, right thalamus opti- 
cus ; br, 1, brachinm of the inf e^or quttdrigeminal 
boil; paming andemeath the incer geniculaU 
bod;, cg.i. ; /, superficial stratum of fibres of 
the fillet, eorering the tegmentum of the crus 
cerebri ; e, erosta of the eras ceiebri, separated 
from the tegmentum b; the lateral groOTe. Ly. ; 
P, upper part of the pons; III. IV, be., the 
corresponding cntnial nerree. The rest of this 
figure will be found described at p. 43. 

after some time by atrophy of the 
superior qnadrigeminal body and of its 
brachinm, whereas the inferior qnadri- 
geminal body and brachium is un- 
altered (Gudden). Moreover, in the 
mole the inferior quadrigeminal body 
is well developed, whereas the superior 
is atrophied. 

The lowsr or poatorior qnadri- 
gMiiinal bodiss are composed almost 

entirely of grey substance (the so-called micleus of these bodies (fig, 76,c.g.p.) which 
is separated by a thin layer of the fillet from the central grey matter of the aqnednct 
and contains nnmerons small and some larger nerve-cells. The connections of these 
have not yet been satisfactorily worked out, but they are believed to be closely 
rehtted to the termination of the fibres of the lower fillet The nuclei are united 
across the middle line by a commissural portion of grey matter which is bounded 
superficially and deeply by transverse white fibres derived iVom the fiUet, 

■ The term nufcs is often applied 1o tbe superior or anterior corpom qoadrigemina, uid testes to the 
inferior or posterior. These names were used h; Vtsalius, but are samewhttt misleading, and have fallen 
into disuse. 
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The superficial fibres a,re continnous lat«iallj and above with the fibres of the 
brachium of the inferior quadrigeminal body, and laterally and below with those of 
the lower fillet. On the other hand, if the fibres of the lower fillet are traced down- 
wards, they are paitly found as we have already seen (p. 104) to be conttnnons with 
fibres of the trapezium ; which E^in is connected with the principal nacleos of the 
auditory nerve (cochlear division) of the opposite aide (Ftechsig). This would 
appear t« indicate a close connection between these posterior or inferior quadrigemi- 
nal bodies and the auditory nerve, and in conformity with this view it is noticeable 
that it is only those aninials (mammals) which have a well-developed spirally wound 
cochlea that show the inferior corpora quadrigemina ae distinct prominences. In 
nearly all vertebrates below mammals there are merely corpora bigemina, and these 
seem mainly to repi'eseut the anterior pair of the qnadrigemina of mammals. As 



, tE. A. S.) 

Sy.iaqueductusSjlvii : c.p., comrainBura posterior ; jf^.pi'., glandula pinMlia ; e.^.t., gmj matter of 
one oi tbe superior corpora quiidrigeniina ; c.g.m., corpus geniculntum meaiale ; c.g.L, coipua genica- 
tiCum lAteisle ; tr. opt., tractua opticus ; p.p., pes pedonculi : p.l.b., posterior loDgitadinnI Inindle : 
/., upp«r fillet ; r.n., rod nucleus ; n./Il, nuoIeuB of thin! nerve ; 11/, imuing fibree of third Derre ; 
l.p.p., locus perforatuB posticus. 

already mentioned, this anterior pair is chiefly connected with the optic nerves and 
therefore with the visual sense. 

The nppor or anterior qnadrigemmal bodiei of man have been carefully 
investigated by Tartuferi. Most externally or uppermost is a thin layer of superficial 
neuroglia, containing no nerve-cells or fibres, but only fine stellate glia-ceils and 
the ends of glia-fibres which radiate firom the central canal (aqueduct) towards the 
periphery. Excluding this neuroglia-layer, and also £he central grey matter around 
the Sylvian aqueduct, Tartuferi distinguishes four strata in vertical sections. 
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1. Stratum zonaU; superficial white layer. — This is a Telatively thin stratum of 
transversely coursing fine nerve-fibres, which are derived through the superior 
brachium from the optic tract and retina.^ Many of them dip down and lose 
themselves in the next layer, but some appear to be continued towards the middle 
line and to decussate with others irom the same stratum of the opposite side. 

2. Stratum dnereum ; grey cap, — ^A layer of grey matter, semilunar in section, 
being of considerable thickness opposite the most prominent part of the tubercle, 
but thinning off at its margins. Its nerve-cells are numerous but vary in size, the 
smaller ones being near the stratum zonale, the larger in the deeper part of the 
layer. They mostly send their dendrites or protoplasmic processes outwards, 
i.e., towards the stratum zonale, while their nerve-processes (axis-cylinder processes) 
are directed inwards towards the deeper layers. 

8. Stratum albo-cmereum superius ; upper grey-white layer ; stratum cpticum, — 
The grey matter of this layer is largely interrupted by nerve-fibres, which are 
continued like those of the stratum zonale from the optic tract, which enters by the 
superior brachium at the antero-lateral aspect. The fibres differ in calibre in the 
different parts of the layer, and it may be subdivided accordingly into (a) a medio- 
dorsal zone of coarse meduUated fibres, ((3) an intermediate zone of fine medullated 
fibres, and (y) a central zone containing much grey matter interspersed with bundles 
of white fibres. 

Those are described by Ganser as three distinct layers, and termed the third, or superficial 
medullated layer, the fourth, or middle medullated, and the fifth, or middle grey layer ; while 
the fourth layer of Tartuferi, immediately to be mentioned, becomes the sixth and seventh of 
Ganaer. 

The whole stratum is richly beset with large nerve-cells, which send their axis- 
cylinder processes mostly into the next or fourth stratum. Of the nerve-fibres, those 
of the intermediate zone (/3; are retinal fibres according to Tartuferi ; those of the 
central zone (y) are probably derived from the corona radiata of the occipital region 
of the brain, whilst the coarse fibres of the medio-dorsal zone are perhaps derived 
from the opposite side. 

4. Stratum albo-cinereum infei'ius: deep grey-white layer: stratum lemnisci. — 
This, although composed of grey matter, is also traversed by many nerve-fibres which 
appear to be connected with the upper fillet, and probably end in the layer. Some 
of the fibres, however, are derived from the large cells of the fourth layer, and others 
from the nerve-cells of this stratum itself (which contains many cells of large size). 
It is possible that some fibres are derived (over the aqueduct) from the fillet of 
the opposite side. 

Ganser subdivides this layer into two, which he terms respectively the deep white (sixth), 
and the deep gvey (seventh) layers. 

Stractare of the optlo lobes of birds. — The relations of the cells and fibres have not 
been very satisfactorily made out in the corpora quadri^remina of mammals, but in the optic 
lobes of the bird, which correspond, as we have seen, to the anterior or superior quadri^eminal 
bodies of the mammal, these relations have recently been considerably elucidated by the 
investig'ations of Kam6n y Cajal. 

All who have specially worked at this subject distinguish more strata in the optic lobes of 
birds than in the corresponding bodies of mammals. Thus Bellonci makes the number of 
layers (exclusive of the central grey matter of the aqueduct) nine, Stieda, twelve, whilst 
Cajal distinguishes as many as fourteen strata. Of these the most superficial (1.) is a layer 
of thick medullated fibres coming directly through the optic tract and chiasma from the 
retina of the opposite side. (In birds all the optic nerve-fibres cross at the chiasma.) They 
pass in from the side (so that they are cut across in a sagittal section, fig. 79), and after a 
variable course turn downwards into the deeper layers, where they end at four different levels 
(as far as the seventh layer) in non-meduUated terminal arborisations. Of these terminal 

> Monakow states that in the dog the auterior brachium contains some fibres from the occipital cortex. 
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ramiGcations, Uiat in the seventh la^er ia flattened horizontally, the othera are more extended 
vertically (fi^. 80). Some of these terminal arborisationB end in a special oironmscribed part 
o( the lobe, which is kno-wa asthe gaugliiia of t/ie nia/. ThiecontainB a laifie number of nerve- 
cells, the protoplamnic prooesBes of which interlace with the optic arborisations, whilst their 
nerve-fibre processet are directed towards the deeper layers of the lobe. All the layers below 
the first contain nerve-cells, as well aa nerve-fibres, but the seventh is mainly composed of the 
expanded ramifications of the optio fibres JQBt men- 
— n tioned, and of similar expansionB of the snperBciallr 

1 directed nerve-fibre pnxwBses of cells from the tenth 

layer (fig. 79,j,j). The oells vary in size and shape 
in the different layers, bnt on the whole they are 
smallest nearer the sorfaoe and largest in the deeper 
layers (tenth to thirteenth). With the exception 
, of the cells of the tenth layer just mentioned, lie 

cells send their axis-cylinder prooeases downwards to 
J pass away as nerve-fibres of the foorteenth layer, 

which is chiefly formed of larfre mednllated nerve- 
flbros, although some nerve-cells are even here inter- 
] , spersed. But some of the smaller oells of the tnore 

Buperfleial layers (fig. 79, rf) belong to Oolgi's 
{ second type of nerve-oell, i.c., their axis-cylinder 

processes do not pass into nerve-fibres, bnt break np 
into a terminal arborisation a short distance from the 
{ cell, and interlace amongst the cells of some of 

t^e other layers. The third, fifth, seventh, and ninth 
layers all have relatively few oells and a molecular 
aspect, dae apparently to the fine arborisations of the 
1* nerve-fibre or axis-cylinder processes which they con- 

tain. The protoplasmic processes ottbe cells are, some 

II 



Fis- 79.— AKTXBO-rosTiiioa skction or thi optio lobi or a bimi FKBPiasD bt Colci's hxthod 

(R. y Cajal). 
a, optic fibres cut across ; b, stellate cell af second layer ; e, fusifarm cell of third layer ; d, cell 
with Biia-cy tinder end ID); in avaricoBe arborisatioD in the eighth layer ; e, large horizontal cell of fourth 
layer ; /,g,/i, globular cells o( eighth layer ; t, eel! with descending aiia-cylinder of thia layer ; j, cell 
with aiis-cylinder ascending to optic layer ; Ic, collaleral arborisation of this axis- cylinder ia the seventh 
layer ; m, large fusiform cells with recurreot axis-cylindecs ; n. pytamidil cell with descending axis- 
cylinder ; 0, large cell of tenth layer ; p,q,r, cells oE tiie lowest layers, all with axis-cylinders directed 
towards the deep layer oF netre-fibres, i. 

Fig. SO.— TaiRsviBsa skctioh or optic lobr of a dird. Goloi's hithod (O. y Cajal). 
The superficial part only is represented, ss f ar as the seveDth layer. 

a, optic fibrea ; b, their arbonaation in tbe second layer ; e, that iu the fourth layer ; d, that in the 
fifth layer ; e, that in the seventh layer. 

of them, very long, and when coursing vertically often extend as far as the layer of optio 
fibres, OD the one hand, and the deep medullary layer on the other. The axis-cyliuder 
prooesses sometimes come oS from tbe dendrites, sometimes from the body of t^e call. Of 
the fibres which form the deepest layer, although many, as just stated, are derived from the 
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oella of the optic lobe, and are therefore paning awny by that layer (probably to the higher 
parte of the brain, on the one hand, and to the bulb and spinal cord, on the other), some have 
a contraij direction and are passing iiUa the grey matter, where they end in ezteueive 
ramifications extending: aa far towards the snrface as the sixth layer. 

The fibreH of the deep medtUlary layer, on leaving the optic lolie, partly encircle, partly 
traverse, four gronps of nerve-cells, which are known as the I'jttia ganglia. It is probable 
that these may in part represent the external or lateral genioolate body of mammals. The 
fibres give off oollaterals, which end in ramificBtions amongst the oells of these ganglia ; some 
of tbe fibres appear altt^ther to terminate in this way. On the other hand, some of the 
ganglion-cells send their aiis-cylinder proeecscB to join the stream of traversing nerve- 
fibrea. It is not known what ultiroaCely becomes of these processes, but from analofry 
with what obtains in mammals (see diagram, p. im), it is not improbable that they may pass 
to the cortex cerebri 

The pcwtwior oommionr* (fig. 73, Cop., fig. 78, c.p.), which overlies the 
upper end of the aqueduct and appears in tbe posterior wall of the third ventricle, 
is gener^ly described with that cavity. It appears, however, to be in part a con- 



Fig 81. — SsctiOK THSoenn ths sdpkbiob pakt ot 0H« of thb sbpshior coepobi qiij 

a, aquednct of Sylvius ; ^, grey natter of tbe aqueduct ; c.f.i, qDHdrigemin&l em 
of ; /, stratuni lemniBCi ; o, Btratom apticom ; c, Htratum cinereum ; Th, thaUmua (pmvinarj ; c.g^i. 
e.g.e, internal and external geniculate iHNlies ; br.t, br.i, superior and inferior bracfaia ; /, upper fillet ; 
p.l, poaterior longitudinal bundle ; r, raphe ; III, Ibird nerve ; n.lll, its nucleUB ; l-p.p, posterior 
perforated space ; >.», substantia nigra ; above this is tbe tegmentuni with iti Duclens, tbe latter being 



tinuation of the cominisBural fibres of the fillet above mentioned. Its fibi'es, 
according to Meynert, coming from the tegmental part of the mesencephalon, ci-obb 
to the other side, and after passing through the thalamus divei^ into the white 
substance of the cerebral hemispheres. They may in part comprise commissural 
fibres between the two thalami, and some are connected with the pineal roots. 
According to Darkschewitsoh they are divisible into two categories. Some form a 
ventral portion of the commissure, being derived from the posterior longitudinal 
bundle and the nucleus of the third nerve, and pass across to the root of the pineal 
body of the opposite side, while the rest, which form a dorsal portion of the com- 
miraure, connect the deep white lajers of tbe superior corpora quadrigemina with 
the corona radiata of the opposite side. 

The geuioalate bodies are intimately i-elated to this region of tbe brain, the 
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mesial (internal) with the inferior quadrigeminal bodies, the lateral (external) 
with the superior quadrigeminal bodies and optic tract. The two are separated bv 
a part of the optic tract which sweeps round the internal geniculate body in passinsj 
a« the superior brachium, to the grey matter of the corp. quadrig. sup. (fig. 86, p. 117). 
Both the geniculate bodies are continuous with the posterior part of the thalamus, 
lying between this and the lateral margin of the cnjsta. The internal geniculate 
body receives ventrally and mesially the inferior brachium, which passes forwards 
to it by the side of the tegmentum from the corp. quadrig. inf., and appears to dip 
under it. Some of the fibres of the optic tract appear to pass out of it on its latero- 
ventral aspect, but as the internal geniculate body remains unaffected when the eye 
is extirpated, and is, moreover, as well as the corp. quadrig. inf., well developed 
in the mole, it is probable that this connection with the optic fibres is more apparent 
than real. 

The lateral or external geniculate body is, on the other hand, intimately related 
to the optic tract and corp. quadrig. sup. as well afl to the visual area of the 
cortex cerebri (occipital region). It is of a somewhat darker colour than the 
adjacent part of the thalamus with which it is intimately connected, and is formed 
of several curved layers of grey matter with white lamellae of optic nerve-fibres 
separating them (fig. 81, c,g,e) 

Its cells are large and pigmented, and appear chiefly to send their nervp-fibre 
processes to the cortex of the occipital region, for if this region is removed on one 
side in young animals the cells of the external geniculate body of the same side 
undergo atrophy (Monakow.) On the other hand, if the eyes are extirpated, the 
atrophy which extends along the optic tracts involves the grey matter between the 
cells, but not the cells themselves. From this it is inferred that the intercellular 
grey matter of these bodies is largely composed of ramifications (? of collaterals) 
of the retinal fibres. The same statements apply to the adjacent part of the 
optic thalamus (pulvinar) which appears intimately associated both in structure 
and function with the lateral geniculate bodies. 

The optic thalami (fig. 82, Tho), as seen from above after the removal of the 
corpus callosum, fornix, and velum interpositum, are large oval-shaped masses of grey 
substance covered dorsally by a thin stratum of white fibres. The dorsal surface is 
marked by a shallow longitudinal groove, which inclines inwards as it passes forwards, 
and terminates a short distance from the anterior extremity of the surface. This 
anterior extremity is raised into a prominence termed the anterior tubercle (fig. 
%2, Ts), and together with the part of the upper surface which is placed outside 
the groove, projects into the ventricle of the corresponding cerebral hemisphere 
(fig. 88), and is covered by the lining epithelium of that cavity. This part of the 
upper surface is limited externally by a white band, the stria terminalis (Sf), which 
separates it from the part of the corpus striatum which is seen in the lateral 
ventricle. The longitudinal groove above mentioned corresponds with the thickened 
margin of the fornix, the edge of which extends over the surface of the thalamus 
along the line of the groove. The part of the upper surface behind the groove does 
not appear in either the third or the lateral ventricle, and is therefore not covered with 
epithelium like the rest. It is limited internally by a sharp edge which separates 
it from the mesial surface and which is marked by a white stria (taenia fomicis, fig. 
82, Tfo.) leading to the pineal body. It is along this stria, which is surmounted by 
a ridge-like extension of ependymal tissue that the thin epithelium which roofe in 
the ventricle is attached laterally : this epithelium always comes away when the 
covering of the velum interpositum is removed. At the posterior and inner 
extremity of the thalamus, there is seen, as in front, a well-marked prominence 
[posterior tubercle or pulvinar ( Pv) ) which project-s over and partially conceals the 
brachia of the corpora quadrigemina. Between the pulvinar and the peduncle of the 
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pineal body (Mbenuld) {Pen) lies a triangular depressed surface, separated posteriorly 
from the mesencephatott by a transverse groove and passing mesially into the stalk 
of the pineal body. This triangular surface is termed the trigonum habenuUe. It is 
bonnded laterally by the suJctis hahtnuUe. The mesial surrace of the thalamus lies 
in the third ventricle. It is covered with epithelium and is joined with that of 
the opposite side by the middle commissure. The posterior rounded surface is 
occnpied almost entirely by the pulvinar. Below and external to this is the outer 
geniculate body, which is placed just above the inner geniculate body before mentioned 
(p. 105), the two being separated from one another by one of the roots of the optic 

Pig. 82.— View from iBovK op thk 
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The braiu hax been slicetl horiiontall; 
inimediaUly belov tlie corpus ciillasutii, 
anii the fornix and Tetum inUrpositnm 
have been removed. 

Tko, thalamus opticoa ; Ti, iU ante- 
rior tubercle ; Pv, pulviDHr; Com, middle 

rommisBUra stretching between tlie t«o ^ 

optic thalami acme the middle of the 
third Teotiicle ; Cf, coluniDS o( the for- 
nix ; On, pineal gland projecting down- 
Hard a and lackwaidB between the anperior 
corpora qnadrigomina ; St, stria leriui. 
ualia 1 Ci, □ucleut caudatuaof thecorpos 
Btriatnm ; Vd, ventricle of the septum 
lucidum ; Cd^, lection of the genn of the 
corpus calloaum ; Pen, pineal peduncle ; 
Tfo, pineal atria ; Cop, poslerior com- 

tract (upper brachinm) {fig. 8G). 
From this brachinm and from 
the two geniculate bodies the 
optic tract curves downwards 
and forwards aronnd the crns 
cerebri - 

The lateral and ventral sur- 
faces of the thalamus are not 
free, bnt ai-e united with other 
parts of the brain. The ventral 
surface is united with a prolongn- 
tion of the tegmental part of the 
cms cerebri, and more anteriorly 
the corpna albicans and the side 
of the tuber cinereum lie below 

it. The lateral surface is covered by white substance which is formed of the fibres 
of the crusta, which here diverge into the substance of the hemisphere, and pa^s 
between the thalamus and the lenticular nucleus ns the internal capsule. 

The thalami optici are covered on their free surfaces (mesiul and dorsal) 
(fig. 83), by a layer of white fibres, most marked upon the dorsal surface {stratum 
zonale], and mainly running antero-posteriorly. On their outer surj'ace. as just 
mentioned, is the white matter of the inner capsule (t, c.) formed by fibres diverging 
from the crusta into the hemispheres. Nest to the thalamns on this side is a denser 
layer of white fibres, termed the outer medullar!/ /amina. All along this surface 
radiating fibres pass out of the thalamus to mingle with the fibres of the inner 
capsule and to pass with these to the surface of the cerebral hemispheres. Those in 
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front pass to the frontal lobe of the hemiBphere ; those in the middle region 
to the posterior part of the frontal and to the parietal lobe, besides some to the 
temporal lobe; those behind partly to the temporal lobe, but chiefly to the 
occipital lobe. The fibres to the occipital lobe pass out from the lateral margin of 
the pulvinar, and have at first a curved course round the p^terior hom of the 
lateral Tentricle, afterwai'ds radiating, with a generally ai^ittal direction, towards 
the cortex of the occipital lobe. They are often spoken of as the opte radiations. 
These radiating fibres are continuous vtth others passing from the optic tract to 
the pnlvinar. The lower surface of the thalamus is continuous posteriorly with the 
prolongation of the tegmentum {suUhalamk tegmental region), but in front this 

Fig. 63.— SrajTioN ACtoss tbb orac 



(A, tbalunus ; a,c,i. its anterior, ei- 
lenwl and internal nuclei reBpectirelj ; 
a. its latticed lajer ; tn.c., middle com- 
missure ; above and beloat ic i» the caTitj 
oi tiie third Tentricle ; c. c. , corpna callo- 
BUiu ; /, fornii, aeparaled from the thii-d 
ventricle and thalamus b; tlie Teluni 
interpoaitum. In the middle of this are 
seen the tivo veiae of tialen and the 
choroid pleiuaeH of the third ventricle ; 
and »t ita edges the choroid pleiuses of 
the lateral ventriclea ; t. >., tienia semi- 
clrcalariB : er. forward prolongatjon of the craata paaHing lateral!; into the internal capeule, i. c. ; 
t. t. r., subthalamic prolongation of the tegmentum. coDeisting of (1) the dorsal lajnr, (2) the zona 
incerta, and (3) the nucleus of Luys ; >. n., substantia nigi^a ; n. c, nucleus caudatua of the corpas 
striatum ; n. L, nucleus lenticularia ; e. c, external capsule ; d, claustrum ; /, island of Reil. 

prolongation inclines to the outer side and becomes lost in a layer of grey matter 
which ia continuous internally with the grey matter of the fipor of the ventricle, 
and is seen at the base of the brain as the anterior perforated lamina. At its anterior 
end the thalamus merges into a tract of fibres which stream from it through the 
internal capsule into the frontal lobe of the hemisphere (anterior stalk of thalamus). 
Other fibres curve downwards and outwards towards the white substance of the 
hemisphere forming the so-called lower stalk of the thalamus {ansa peduncularis). 
Above this is another tract (ansa Untrcularia), sweeping from under the thalamus 
round the mesial part of the crusta to the lenticular nncleus of the corpus striatum. 
The layer of grey substance which is interpolated between the two tracts may be 
termed substantia interansalis ; including the two ansse it has been designated sub- 
stantia innominata} 

The body of the thalamus is chiefly formed of grey matter with lai^ and small 
nerve-cells scattered in it, but their arrangement and connectiona with nerve-tract« 
have not been satisfactorily ascertained. Its grey matter is partially subdivided into 
two parts, the so-called inner and outer (mesial and lateral) nuclei of the thalamus 
{Buidacb), by a vertical white lamina, S-shaped in section {internal medullary 
lamina). The lateral nucleus {e), is the larger and extends into the pulvinar ; it is 
marked externally by the radiating white lines before mentioned as passing from 
the thalamus into the inner capenle, and these confer upon its external layer some- 
what of a reticulated aspect {latticed layer, iv). The mseial nucleus (t) does not 
extend into the anterior tubercle, but this part of the grey substance of the 

' The term " aose pMonculaire " vas ariginall; used (b; Qratialet) to include the whole substantia 
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thalamnB is cut off from it by another septum of white matter. The anterior 
separated part is the anterior nucleus of the ttialomas or nucleus of the anterior 
tubercle (a). It contams comparatiTely large nerve-cells and from its depth a 
number of fibres pass downw^ds and converge to form a well-marked bundle 
{bundle of Vkq-d' Azyr), which, entering the corpus albicans, forms within that 
tubercle a sharp bend, and appears to pass upwards again in the wall of the 
ventricle as the anterior pillar of the fornix. There would seem, however, to be no 
actual continuity between the two (see pp. 129, 130). The middle commissure 
unites the mesial nuclei across the third ventricle, and is also continuous below 
on each side with the grey matter of the cavity. It contains nerve-cells and 
transversely coursing fibres, but many of the fibres are said to loop backwards 
near the median plane in place of passing across to the opposite side. 

In the trigonitm lialMuiila is a collection of nerve-cells termed by Meynert 
the ganglion of the habenula. To it, fibres pass from the peduncle of the pineal 
body, and from it a bundle of fibres {fasdcuius retrojlexus, Meynerfg bundle (fig. 



Fig. 8*,— SlCTion or thi imtbr-bhiIii ukae 
auBTHALAUO TKOHENTii. BEoTOH. Magnlticd about 2J diameteiB. From a photograph (B. A. S.). 

The section passee nearlj lioriiontall;, so as to cat the Gbrea of the internal capaole aciaaa transTetselj. 
It ia just ahore and in front of the corpora iDamillFiria. 

(., tsnia (attBchment of epithelial roof of Tcntricle) ; v.III., Tcntriculaa tertina ; itr., atria piaealia ; 
Tk., thalamua ; n.t., maiai nucleus of thalamus ; opt., optic fibrea passing to pulvinar; i.i., loui 
inoerta ; o.j., corpuu BuMhalamicum ; c.i., capsula interna ; a.l, ansa lenticularia ; /., anterior pillw 
of fomii passing backwardB towards corpus albicans ; V.A,, hnadls of Vicq d'Aiyr, paining apwaida 
and foT«lui]s from corpoa albicans into thalsmus \ x., whit« bundle containing a central ancleu of 
gK3 matter ( ? the fasciculus retrodeins of Mejneit) ; g, ^, special groaps of neiTe-cella, of which ^ 
is the hinder end of the ganglion habenulie. 

84, X) ) passes with a curved course through the tegmentum on the mesial side of 
the red nucleus towards the place where the cerebral peduncles diverge ; where. 
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accordiDg to Forel, it passes to another collection of nerve-cells, better marked m 
most animals than in man, termed the interpeduncular ganglion (see p. 103), 

Subthalamic tegmental region ; transitional region. — The prolongation 
of the tegmentum under the posterior part of the thalamus is divided by Forel into 
three layers, which are named respectively from above down, the stratum dorsah, 
the zona incerta, and the corpus subihalamicum or nucletcs of Lugs (fig. 88, 1, 2, 3). 
The latter has here taken the place of the substantia nigra, lying next to the 
prolongation of the crusta, the fibres of which are seen at the side of the subtha- 
lamic tegmental region forming the internal capsule. The stratum dorsals consist 
chiefly of fine longitudinal fibres — prolonged from the posterior longitudinal bundle 
according to Meynert, or ^m the fibres enclosing the tegmental nucleus according 
to Forel, possibly from both sources. The red nucleus of the tegmentum is pro- 
longed into its posterior part, and from this a considerable number of fibres stream 
into the internal medullary lamina of the thalamus, and a well-marked bundle 
passes across the internal capsule to the lenticular nucleus. Some fibres of this 
layer, which are traceable downwards into the upper fillet (Wernicke), turn into the 
external medullary lamina of the thalamus, which lies along the mesial side of the 
internal capsule, and from here they probably diverge into the white matter of the 
hemisphere ; whilst others, coursing through the zona incerta, and crossing the 
inner capsule, join a tract (ansa lenticularis, ^g. 84, a.L and p. 112) which leads to 
the lenticular nucleus of the corpus striatum. Finally another bundle of fibres is 
said to be traceable from the mesial nucleus of the thalamus backwards through the 
subthalamic region into the dorsal part of the posterior commissure, and thus over 
the Sylvian aqueduct into the tegmentum of the opposite side. 

The zona incerta is a reticular formation prolonged from that of the tegmentum ; 
it passes anteriorly into the substantia interansalis. 

The corpus subihalamicum^ or nucleus of Lays (figs. 83, 84, c.s,\ is a well-marked 
brown stratum of grey matter containing numerous nerve-cells, and a close plexus 
of very fine meduUated fibres. It is lens-shaped in section, and has an enclosing 
envelope of white substance, through which strands of fine fibres pass from the 
interior of the body mesially towards the aona incerta, and outwards and downwards 
through the internal capsule. This stratum is distinct only in the Primates. 

The pineal body or gland {cxmarium^ epiphysis cerebri) (fig. 82, (My fig. 91), 
is a reddish body about the size of a small cherrynstone, and is named from its 
supposed resemblance in shape to a fir-cone. It is connected with the posterior 
part of the third ventricle, projecting backwards and downwards between the 
superior pair of corpora quadrigemina« It is attached on each side by a broad 
but flattened stalk of white fibres (pedunculus conarU) which is separated by the 
pineal recess of the ventricle (p. 97) into a dorsal and ventral portion. The ventral 
portion curves downwards ; it belongs to the ventral portion of the posterior 
commissure. These fibres are said to be derived from the optic tract near the 
lateral geniculate body, and to go to the oculomotor nucleus of the opposite 
side (compare p. 109). The upper portion extends on either side along the ridge- 
like junction of the upper and mesial surfaces of the thalamus as the pineal 
stria or taenia fomicis (fig. 82, Tfo.). At the sides the stalk merges into the 
trigonum habenulss. The pia mater which invests the mesencephalon, covers the 
pineal gland with a special investment before being prolonged as the velum inter- 
positum over the third ventricle and thalamus ; and the gland is liable to be torn 
away in removing the pia mater. 

The pineal gland is composed of a number of hollow follicles generally spherical, 
but in some cases tubular, separated from one another by ingrowths of connective 
tissue. The follicles are almost filled with epithelial cells and often contain mnch 
gritty calcareous matter {acenmlus cerebri^ bram-sand), composed of microscopio 
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particles, aggregated into masses and formed of earbhj salts (phosphate and 
carbonate of lime, with a little phosphate of magnesia and ammonia) combined 
with animal matter. 

The same sandy matter is frequently found on the outside of the pineal body, or 
deposited upon its peduncles. It is found also in the choroid plexuses ; and in a 
scattered form occurs in other parts of the membranes of the brain. It occurs at 
«11 ages, frequently in young children, and sometimes even in the fcotus. It cannot, 
therefore be regarded as the product of disease. The pineal body is larger in the 
^hild and the female than in the adult male (Buschke). In the brains of other 
manunals it is proportionally larger than in the human subject, and less loaded with 
brain-sand. 

The pineal body is developed originally as a hollow outgrowth from that part of 
the embryonic brain which afterwards forms the third ventricle ; the diverticulum 
becomes subsequently cut off from the ventricle, and undergoes ramification to form 
inbes which are afterwards separated for the most part into isolated vesicles. 

The pineal body is present in all vertebrates, Amphioxus only excepted. In 
•elasmobranch fishes and in most reptiles, as the researches of de Graaf, Baldwin 
Spencer, and others, have shown, it is continued into a long tubular prolongation 
from the third ventricle, which passes through an aperture in the skull (parietal 
foramen) and ends under the skin in a small vesicle lined with ciliated epithelium. 
But in some reptiles {e,g,y Hatteria, blind-worm, lizard) this vesicle becomes 
developed into a structure which bears a close resemblance to an invertebrate eye 
(jrineal eye), the part nearest the surface becoming thickened to form a kind of lens, 
and the part connected with the stalk becoming pigmented and stratified like a 
retina, whilst the stalk itself becomes solid and has nerve-fibres developed in it. It 
18 doubtful how far this structure serves as an eye in any living reptile, but in 
<;ertain extinct forms it was probably more completely developed. In birds and 
mammals the pineal eye is not developed, but the organ is similar in structure to 
that of man. 

The posterior perforated space (locus perforatus posticus) (fig. 32, x), 
lies in a deep fossa {fossa Tarinij His) at the base of the brain, at the bottom of 
which is greyish matter, connecting the diverging crura. It is perforated by 
numerous small openings for the passage of blood-vessels ; and some horizontal 
white strisa usually pass out of the grey matter and turn round the peduncles close 
to the upper border of the pons, entering which they reach eventually the medullary 
•centre of the cerebellum (URnia paniis). It corresponds posteriorly, as far as a line 
joining the anterior borders of the third nerves, to the fioor of the aqueduct of 
Sylvius, but in front of those nerves to the posterior part of the floor of the third 
ventricle. In the grey matter over the space are a few scattered nerve-cells. 

The corpora albicantia or mamillaria (fig. 82, a ; fig. 86) are two round 
white eminences in front of this space, each about the size of a small pea, connected 
together across the middle line. Each corpus albicans contains grey matter 
concealed within its superficial white fibres, the nerve-cells being arranged in two 
:groups, the lateral and mesial (nuclei of the corpus albicans) ; of these the lateral 
contains larger nerve-cells than the mesial. 

The white matter of the corpora albicantia is formed by the anterior pillars of 

the fornix : hence they have also been named btdhs of the fornix; and by the bundle 

•of Vicq d'Azyr, which enters the anterior part of each tubercle at the dorso-mesial 

aspect. Posteriorly each corpus albicans receives a bundle of nerve-fibres, which 

is termed its peduncle. This, which in man is concealed within the grey matter of 

the floor of the third ventricle, but which is seen at the base of the brain in many 

animals, and is connected with the lateral nucleus of the body, is traceable to the 

tegmentum and ultimately to the mesial part of the crusta (v. Gudden). In most 

vertebrates there is but one (median) corpus albicans in place of two. 

I 2 
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An isolated bundle of one of the anterior pillars of the fornix is sometimes visible at the 
base of the brain x)assing to the corpus albicans (stria alba tuheris, Lenhossek). 

The tuber cinerenm (fig. 86 ; fig. 32, t.c) is a lamina of grey matter extending 
forwards &om the corpora albicantia to the optic commissure, to which it is attached* 
It forms part of the floor of the third ventricle. In the middle it is prolonged 
forwards and downwards into a hollow conical process, the infondilraliun 
(fig. 85, i), to the extremity of which is fixed the pituitary body. On its outer 
side close to the optic tract is a tract of grey matter with nerve-cells, termed by 
Meynert the basal optic ganglion (see p. 119). According to Lenhossek this is 
distinctly subdivided into three successive groups of nerve-cells, the most anterior 
being just above the chiasma, the most posterior near the corpus albicans. 

The pituitary body or hypophysis cerehri (figs. 32, 39, A, and fig. 85), formerly 
called pituitary gland, from its being erroneously supposed to dischai'ge pituita into 
the nostrils, is a small reddish grey mass, of a somewhat flattened oval shape, widest 
in the transverse direction, and occupying the sella turcica of the spheuoid bone. 
The pituitary body has a special prolongation of the dura mater completely 
enclosing it, except above where there is a small aperture for the passage of the 
infundibulum (see p. 182). The body consists of two lobes, of which the anterior 
is the larger, and is concave behind, where it embraces the smaller posterior lobe. 
The two lobes are entirely different, both in their structure and development ; and 
it is only in mammals that they come into close connexion with one another. 

The posterior lobe is developed as a hollow downgrowth of the part of that cavity 
of the embryonic brain, which afterwards becomes the third ventricle. In the 
lower vertebrates, and especially in fishes, the cells which compose its walls become 
converted into nerve-cells and -fibres, and as the lobus infundibuU it becomes an 
integral part of the brain. But in the higher vertebrates it remains small and 
almost undeveloped ; its cavity is obliterated, and all nervous structure becomes 
obscured by the ingrowth of vessels and of connective tissue into the now solid 
organ. The connective tissue forms reticulating bundles, between which occnr 

Fig. 85. — SaqittaIi section of the pituitary body and infundi- 
bulum WITH THE AJ>J0ININa PART OF THE THIRD VBNTBICLB 

(Schwalbe). 

a, anterior lobe ; a', a projection from it towards the front of the 
infundibulum, t ; (, posterior lobe connected by a solid stalk with tb& 
infundibulum ; l.c^ lamina cinerea ; o, right optic nenre ; ch, section 
of chiasma; r^o^-t recess of the ventricle above the chiasma; cm^, 
corpus mamillare. 

numerous spindle-shaped and branched cells, as well as a few larger corpuscles 
containing pigment-granules in their protoplasm. Sometimes remains of the 
original hollow are seen in the form of a cavity lined by columnar ciliated 
cells. 

The anterior lobe, darker in colour than the posterior, is developed as a tubular 
prolongation from the epiblast of the buccal cavity, with which it is therefore 
originally in connection, although it soon becomes separated by the growth of 
intervening tissue. In the adult it is constituted by a large number of slightly 
convoluted tubules or alveoli, similar to those of a secreting gland, and in like 
manner lined by epithelium, which in some cases fills up the tubule. The tnbulea 
are united by connective tissue, which is especially abundant in the neighbourhood 
of the larger blood-vessels, and also forms a sort of capsule to the organ. Moreover, 
portions of the tubules are frequently cut off by the connective tissue so as to form 
isolated vesicles. The outer layer of epithelium is columnar ; and in some of the 
larger tubes, especially those next to the posterior lobe, cilia may be detected on the 
cells. The blood-vessels are numerous, and the capillaries form a close network 
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«roniid the walls of the tabnles. The lymphatics of the oi^;an originate in cleft- 
like epacea between the tubules and pass to a network in the capsule. In its 
microscopic straeture the anterior lobe of the pituitary body bears a resemblance 
to the thyroid body, the vesiclea of which are also originally a network of anasto- 
moeing tabnles, and in some animals remain tbroughont life in this condition. 
Moreover, a colloid substance Uke that in the thyroid Tesictea, is found sometimes 
in the alveoli of the anterior lobe of the hypophysis. 

In the middle line of the base of the brain, in front of the optic commissure, is 
the anterior portion of the great longitudinal fissure, which separates the two 
hemispberee, At a short distance in front of the chiasma, this fieetire is crossed 
transversely by the anterior recurved extremity of the corpus callosum. On gently 
Pig. 8fl.— ' 
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.CT (G. D. Thane). 
Tbe parts &re viewed fmm beloit, 
the mid.braiD haTing been dirided 
trauBTenel; immedialelj above the 
poDB, and the poQB, cerebellum and taitt 
medulla oblongata removed. Tbo 
loviir part of the figure ia tbe mors ^ 

turning back the optic cora- 

missure, a thin connecting 

layer of grey substance, the 

lajtuAK dnareai is seen oc- 

cnpying the space between 

the corpus callosum and the 

chiasma, and continuous above 

the chiasma with the tuber 

cinureum. It is connected at the sides with the grey substance of the anterior 

perforated space, and forms part of the anterior boundary of the third ventricle 

(fig. 57, p. 70) : it is somewhat liable to be torn in removing the brain from the 

skoll ; and, in that case, an aperture is made into the fore part of the third ventricle. 

The optic tracts and optic oonuaisBure or chiajuua. The optic tracts curve 
round the crusta on each side to unite with one another immediately in front of the 
tnber cinereum, where they form the X-shaped commissure which is known as the 
chiasma. The optic tracts form the posterior limbs of the X ; tbe optic nerves, 
passing into tbe optic foramina, the anterior limbs (fig. 80). 

Each tract arises posteriorly by a broad root, which is divided by a longitudinal 
groove into two distinct parts, a lateral and a mesial. The lateral root is the larger. 
It is connected with and emerges from the posterior and ventral part of the thalamus 
(lateral geniculate body and pnlvinar), and is partly continuous with the brachinm 
of the superior quadrigeminal body. The mesial root, when traced backwards, is 
seen to curve round the crusta and then to lose itself beneath the mesial geniculate 
body, in which it appears to end, although it may perhaps ultimately pass into the 
inferior quadrigeminal body as its brachinm. Although this root appears connected 
with the internal geniculate body, it is doubtful if there is any functional connedon 
between this body and the optic nerve, the part of the tract which enters the mesial 
geniculate body being Gudden's commissure, which joins the mesial geniculate bodies 
of the two sides (see below). Before reaching the chiasma the optic tract lies 
poetero-mesially to the anterior perforated space. 

DarkBchewitsch describes the passage of fome of the fibres of the optic tract to the 
ganglion habennte and pineal pednnde, and ultimately by the posterior oommisBure to the 
oculomotor naclens (compare pp. 109 and 114). He regards these as fibres BnbBervlng the reflex 
changM of the pupiL 

As for the course of the optic fibres in tbe tract and chiasma it may be stated 



U8 MESENCEPHALON. ' 

that although in many mammals (mouse, guinea-pig), and in all vertebrates below 
mammals, the decussation is complete, so that all the fibres pass from one tract 
into the opposite optic nerve, in other mammals (rabbit, dog, cat, monkey) and 
in man, it is incomplete, so that some of the fibres from the left optic nerve pasa 
into the left tract and others into the right tract, and the same mutatis mutandis 
for those of the right nerve. This fact has been conclusively proved both by 
experiment and clinical observation. At the same time it must be stated that casea 
have occasionally been recorded which, if correct, are only to be explained on the 
supposition that the crossing is complete : in these we must suppose that there haa 
been a reversion to the lower and more primitive type of chiasma. 

The two sets of nerve-fibres are usually spoken of as the crossed and uncrossed 
bundles, although they are not to be regarded as formed into entirely separate 
funiculi, nor are their limits sharply defined either in the nerve, chiasma, or tract. 
The uncrossed bundle is distributed exactly to the lateral half of the retina, the 
crossed bundle to the mesial half; and on the whole the fibres of the uncrossed 
bundle keep to the lateral side of the optic nerve, whilst the crossed bundle is on 
the mesial side of the nerve. In the chiasma and tract they are usually more 
commingled, and their relative position is very variously described* In a case of 
atrophy of one nerve which has been clearly described by Williamson, the uncrossed 
fibres chiefly occupied the middle of the tract, the crossed being chiefly at the 
periphery and lower part. Similar results were obtained by Henschen. 

Aooordmg to Salzer*8 ennmeration, there are nearly half a million fibres in each optic nerve. 
The fibres vary in size. According to v. Godden they are divisible, according to their calibre, 
into two classes, finer and coarser. The former of these he regarded as being concerned in 
the production, as afferent fibres, of the pupil-reflexes, the latter as conveying visual impressions. 
The finer fibres degenerate after destruction of the anterior corpora qnadrigemina (in the cat 
and rabbit). It must be remembered that not only afferent, but also efferent impressions are 
carried by the optic tracts ; governing the chemical changes which occur in the retina, and 
also the movements of some of its elements (pigment-cells, cones). 

Besides the optic nerve-fibres, there is a bundle at the posterior part of the 
chiasma, and running along the mesial side of the optic tracts to join the internal 
geniculate bodies of the two sides.^ This is known as the inferior commissure or 
commissure of Chidden. It appears to have no relation to the visual function, for it 
undergoes no change when the rest of the optic tracts become atrophied after extir* 
pation of both eyes in young animals. Its fibres are of extremely small diameter. 

In structure the optic tract resembles an extension of the white matter of the 
brain, being very soft and not divided up into bundles by connective tissue, nor are 
its fibres provided with membranous sheaths. These structures are found, however, 
in the chiasma, and in the optic nerve, which are strong and tough and invested 
with sheaths continuous with the pia mater and arachnoid. .At its entrance into 
the orbit the optic nerve receives a strong investment from the dura mater, which 
is continued around it into the sclerotic coat of the eye. The nerve is subdivided 
by intercommunicating connective-tissue septa into a large number of compartments, 
which contain the nerve-fibres, but the latter are not gathered up into round funiculi 
invested by perineurium, as in the case of the ordinary peripheral nerves. 

Stilling has described the optic tract as sending a prolongation directly into the outer part 
of the crus cerebri. This prolongation is said to contain fibres which pass (1) to the oculo- 
motor nuclei ; (2) to the cerebellum by the inferior peduncle ; (3) to the pons Varolii, even 
extending to the inferior olive. 

The name tractut transvtsrtus pedv/neuU was given by G-udden to a band of fibres, first 
noticed by Inzani and Lemoigne, which is sometimes seen emerging from the base of the 
anterior quadrigeminal body, and coursing obliquely over the brachia of the quadrigeminal 
bodies to enter the crus cerebri It is much better marked in some animals than in man. 
It becomes atrophied after extirpation of the eye, and may be a part of the prolongation 
of the optic tract described by Stilling. 

1 It is stated by Darkschewitsch, that this commisBure unites each mesial geniculate body with 
the lebticnlar nucleus of the opposite side. 
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As r^ardfi the cootse of the optic fibres, the resalts of experimeiit show that 
whilst some have their cell-origia in the periphery — presamably in the nerve-cells 
of the retina — others take origin in nerve-cells of parts of the brain (saperior 
corpora qnadrigemina, external geniculate body, and pnlvinar). Of those nerve- 
fibres which have their cell-origin in the retina, and which, therefore, undergo 
degeneration backwards after section of the optic nerve or tract, some end by 
arborisations between the nerve cells of the external geniculate body and pnlvjnar, 
others by arborisationa in the more snperficial layers of the snperior corpora qnadri- 
f^mina (see figs. 79, 80, and 
tit?). It has been foimd 
that aft«r euncleation of 
the eye the grey matter 
between the cells in these 
several parts undergoes 
atrophy. Those fibres which 
have their cell-origin in the 
nerve-centres end by ter- 
minal arborisations within 
the retina. Their course 

will there be followed in j. 

the part of this work which 
deals with the stmcture of 
the eye. 

Finally, whilst dealing 
with the course of the 
optic nerve-fibres, it may 
be as well to mention the 
probable intercentral con- 
nections of the uervons ' 
visual apparatus. (I.) There 
is in all probability a double 
connection between the cor- 
tex of the occipital lobe 
(which represents the higher 
visual centre) aud the lower 
visual centres of the thala- 
mencephalon and mesen- 
cephalon by two sets of 
fibres, one set arising from 
the cortex and passing 

through the corona radiata Kj. 87.-Duomic o» t™ probabw oodmi isu kblitiom 
and caudal end of the in- or bohi or mi optio r:Hkis. 

teroal capsule, finding their 

terminal arborisation in the grey matter of the lower optic centres, and another set 
arising in cells of those centres and finding their terminal arborisation in the 
occipital cortex. These connections are confined to the parte of the same side of the 
brain ; there is no evidence of any crossing of the fibres. (2.) There appears to 
be an intimate connection between the lower optic centres and the grey matter of 
the bnlb and cord. This connection is probably mainly effected through the upper 
fillet. (3.) The nuclei of the nerves to the muscles of the globe of the eye, both 
external and internal, are certainly connected with the optic centres. It is possible 
that this connection may be partly effected through the posterior commissure and 
posterior longitudinal bundle ; it is probably both crossed and uncrossed : but the 
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actual tracts of connection have not yet been elucidated. (4.) There appears to 
be a direct connection between some of the fibres of the optic tract and the cere- 
bellum, since after removal of one half of the latter organ, many of the fibres of 
the corresponding optic tract undergo the Wallerian degeneration (Marchi), This 
connection may also take place along the tract of the upper fillet. 

In the grey matter which lies between the third ventricle and the optic chiasma, 
a small collection of nerve cells (basal optic ganglion) is seen on each side, as already 
noticed (p. 116). These ganglia do not appear to have any direct connection with 
the optic nerve, as was supposed by Meynert to be the case, but from each a tract 
issues, which, after decussating with that of the opposite side {MeynerVs commissure)^ 
applies itself to the mesial side of the optic tract, close to Gudden's commissare, and 
passes backwards to the subthalamic region to enter the nucleus of Luys, and 
perhaps to be connected with the continuation of the upper fillet. Antero-laterally 
this tract may be connected, beyond the basal optic ganglion, with the lenticular 
nucleus. 
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THE IiATERAIi VEKTBIOLES AND THE FABT8 OF THE BBATN 

DEVELOPED IN CONNEXION WITH THEM: COBFOBA STRIATA: 

CEBEBBAIi HEMI8FHEBE8 (FBOSENCEFHALON). 



Tlie lateral ventricles ; Tentricles of tlie cerebral hemisplieres. — An 

aperfcaie (foramen of Monro) which has been already mentioned as opening ont of 
the anterior part of the third ventricle (see p. 97) leads on each side into the 
corresponding ventricle of the cerebral hemisphere or lateral ventricle (figs. 88, 89). 
Each lateral ventricle is an irregularly curved cavity, extending in the substance of 
the corresponding hemisphere for about two-thirds of its entire length, and lined 
by a prolongation of the ciliated epithelium which characterises the inner surface 
of the true brain-ventricles. It may be described as consisting of a body, an anterior 
ham, a posterior horn, and a middle, lateral, or descending horn. The anterior horn 
curves from the foramen of Monro somewhat outwards, with a slight inclination 
downwards into the frontal lobe ; the body comprises that part of the cavity which 
extends from the foramen of Monro to its bifurcation into posterior and descending 
horns opposite the splenium of the corpus callosum, and is separated anteriorly from 
its fellow of the opposite hemisphere by a thin septum, the septum Ivcidum ; the 
posterior horn passes backwards, with a bold curve convex outwards, into the 
occipital lobe ; and the descending horn passes forwards and slightly downwards also 
in a bold curve with its convexity outwards, into the temporal lobe, and extends to 
about an inch from the apex of that lobe. The anterior horn is directly continued 
from the body of the ventricle, and may therefore be described along with it. 

The body and anterior horn of the Tentrlcle are roofed over by the corpus 
callosum, with its lateral extension into the substance of the hemisphere. In 
examining the ventricles from above it is usual to slice the brain horizontally down 
to the level of the callosum, and then to cut through this commissure a short 
distance on each side of the middle line, and remove it sufficiently to expose the interior 
of the ventricle. The following parts are thereby brought to view, from within, out- 
wards, or laterally : (a)Theedgeofthefomix(figs. 88, 89,/),aflattenedtractofwhite 
matter with longitudinal fibres, which lies immediately under the callosum, broaden- 
ing behind as it passes under the splenium, and bifurcating in front into two 
cylindrical bundles, each of which passes over the foramen of Monro, and in front 
of that foramen into the mesial part of the subthalamic tegmentum, (h) If the 
caUosum and fornix are removed, a layer of pia mater is seen underneath. This is 
the velum interpositnm (fig. 94), and its edge projects as the choroid plexus of 
the lateral ▼entricle from beneath the margin of the fornix in the form of a 
vascular fringe (figs. 88, 89, j?/. ch^, which extends from the foramen of Monro (at the 
back of which it is continuous with the corresponding plexus of the opposite side as 
well as with those of the third ventricle) over the surface of the thalamus, as far as 
the descending comu, into which it projects along the whole length of the horn 
(mesial border), {c) Lateral and anterior to the choroid plexus two masses of grey 
matter, separated by an obliquely-placed white stria, form the floor of the ventricle. 
The mesial and narrower of these is a part of the dorsal surface of the thalamus (fig. 88, 
th. opt) ; it extends from the foramen of Monro to the posterior limit of the body of the 
ventricle and is covered with a thin layer of white matter. The white stria is the 
tcRnia semicircularis or stria terminalis (fig. S2, St.). A vein (vein of the corptcs striatum) 
runs superficial to the taania, and passes in front, at the foramen of Monro, into the 
vein of Galen of the velum interpositum. Close to the ependyma and lying over 
this vein of the corpus striatum is a small greyish band, containing longitudinally 
running nerve-fibres : this has been named the lamina cornea. The lateral mass of 
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Fig. S8.— View or the latiril tuctbiole vrom above. Natural sue. (E. A. S. uid O. D. T.) 



The preparation vne made witb the brain in tilu (hardened). The skull cap and tnsinhraneB havinfc 
been remored, the brain was sliced down to the level of the corpus calloaum. The left lutenJ ventriclo 
vai then opened by cutting away ite roof, azid the ieland expoeetl bj slicing ava; the opercula. The 
draviag is made from a photograph. 

I.S., inBuia B«ilii (the line points to the middle of the throe gyri breves) ; t.n., suIcdb centralla 
iniolie ; g.L, gyniB tongus inauin ; e.c, corpus calloaum ; n.L., nerves of Laociai ; >(r.{., Etna teota ; 
/.mi,, forcepa minor ; f.ma., forceps major; e.a., coron anteriul of ventricle ; c.p., corou poslcriai ; 
c.i., entrance to eornu infcrius ; f.il., foramen Manroi ; ir.Jf., sulcus leading backwards to the foramen 
Manroi ; c.sfr., corpus striatum : th.opt., thalamus opticus, anterior tubercle ; fl.ch., pleiua choroides ; 
/, fomii : f, its anterior pillar ; h, posterior end of hippocampus major ; tri., trigonum ventriculi ; 
calcar, calcar aria. 
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greymafcteris th^ 7iiicleu8catcdatu8 of the corpus striatum (e. str.) Ibis pear-shaped, with 
the larger end projecting infco the floor of the anterior horn, and the smaller tapering 
posterior end (tail) extending to the origin of the descending horn, and then curving 
downwards and forwards along the dorsal part of this horn, in which it forms a 
long, narrow, rounded eminence. The posterior horn (figs. 8S, 89, c.p.\ which 
is curved around the parieto-occipital fissure, its concavity therefore being 
directed inwards, passes, as before said, into the occipital lobe. It is roofed by the 
fibres of the corpus callosum which are passing to the temporal and occipital lobes ; 
part of these fibres also form its lateral wall. At the upper part of its mesial wall 
there is a bundle of fibres (forceps major) sweeping round from the splenium of the 
callosum to enter the occipital lobe. This produces a projection into the cavity of 
the horn, which is known as the bulb of the posterior horn. Below it is another 
curved eminence, which extends from the base of the horn backwards for a variable 
distance, to end in a pointed extremity : this is termed, from its resemblance to a 
cock's spur, the ergot (Morand), or cakar avis (also hippocampus minor). It 
corresponds with the calcarine fissure on the mesial surface of the hemisphere. 

The hippocampns minor is not pecnliar to the human brain as was at one time thought, but 
is found in the brains of quadrumana. In the human subject the posterior horn yaries 
greatly in size, and the hippocampus minor is still more variable in its development, being 
sometimes scarcely to be recognised, and at others proportionally large. It is usually most 
developed where the posterior horn is longest; but the length of the posterior horn, and 
prominence of the hippocampus minor, are by no means in proportion to the dimensions 
of the hemisphere. 

The middle, lateral, or descending liom (fig. 89) is directed at first back- 
wards and outwards from the posterior end of the body of the ventricle ; it then 
passes downwards and forwards with a bold sweep (at about the plane of the parallel 
sulcus), being finally curved inwards, and ending about an inch from the apex of 
the temporal lobe, where it abuts against the amygdala. The dorso-lateral boundary 
(roof) is formed by the fibres of the callosum, which are arching over it into the 
temporal lobe, forming the so-called tapetum. The tail of the nucleus caudatus 
and the taenia semicircularis are prolonged into the roof. Extending along the floor 
of the horn is an eminence known as the hippocampus major or comu Ammanis (fig. 
89, h\ which becomes enlarged as it descends, and being notched, its edge here 
presents a certain resemblance to an animal's paw (pes hippocampi). This eminence 
corresponds with the hippocampal fissure externally, which thus indents the floor 
of the comu, and the grey matter at the bottom of the fissure being separated from 
the cavity of the ventricle by a thin layer of white substance (covered with ependyma), 
shews through and gives a bluish-white appearance to the hippocampus. Mesial to 
the hippocampus is the white band known as the fimbria (fig. 89,^), prolonged from 
the posterior pillar of the fornix ; and over the fimbria, at the angle which the floor 
of the horn here forms with its roof, the choroid plexus projects into the cavity from 
the external pia mater ; the plexus is, however, covered by the epithelial lining 
of the cavity which extends over it in passing from roof to floor. If the pia mater 
is pulled away it drags along with it this covering layer of epithelium, and the oomn 
is made to open on the mesial surface of the brain. A cleft-like opening is thus 
produced, which has been called the inferior fissure of the cerebrum^ being the 
lower part of the so-called transverse fissure, which follows the plane of the velum 
interpositum (see p. 184) over the thalamus and third ventricle, and emerges over 
the corpora quadrigemina. It is along this fissure that the choroid plexuses of the 
pia mater are invaginated into the ventricles, covered by the ventricular epituelium, 
which is pushed in before them. It is only when the choroid plexuses are dragged 
away that an actual fissure is formed in the hemisphere-wall between the fornix 
and fimbria on the one side and the optic thalamus on the other ; but with the 
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Katiunl Biie. (£. A. 5. and Q. D. T. ) 

TbU a a farther disMcUon of the preparation shona in Gg. 88. The insaU hss been sliced awsf 
and the middle or de3C«nilingooniD, c.i., exposed. Within thii BreB««D the following parta; fi, fimbria, 
continned from the fornix ; k, the hippocampus major ; oU., the eminentia coUateralis. The other 
lettering m in fig. 88. 
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plezns in situ it is a deep Bnlcns, i.e., &n invagination onlj, of the thin hemiephere- 
wall (here formed of the ventricular epithdium alone). It is known as the choroidal 
Jissure, and appears at an early period of embiyonic development. 

Herkel and Mieraejewskj have described an actnal cleft in the pi&mateTalang the descend- 
ing horn which eSecba a communication between the ventricle and the Babaraohnoid space, 
aualogooa to the foramen of Magendie and the lateral apeitnrae in the fourth ventnole. Thii 
cbservation baa not hitherto been confirmed. 



TlXuLeiLS CCLLLtiajtua 



chi. . . 



?if. 90. — Two TBWS Of A FLABTIB CA<1T Or THR CAVinES 0? TBI CIKIBKAL TIIITBIOLXa. 

(After WelcLer.) 

A, from above ; b, from the side. The projections into the cavities of the Btracturea whicb 

bound the Tentricleg are «een as impressions upon the cast. 

At the junction of the descending with the posterior comn, and occnpying the 
angle between the hippocampus major and the calcar, ia a triangular apace, the 
floor of which is mainly occupied by a smooth, somewhat raised sur&ce, which 
extends backwards into the posterior comu, and ia often continued downwards into 
a longitudinal eminence which passcB for some distance in the inferior horn alongside 
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of and lateral to the hippocampns major. This eminence corresponds with the 
collateral fisanre externally, and is known as the emimntia coUateraiia or pes aecM- 
tortus (fig. 89, cell.) \ this tenn is also by some anthors used to include the smooth 
eminence at the junction of the comna. The triangalar space at this janction is 
termed by Schwalbe trigonum vmbvuU. 

The shape of the ventricles is best shown in a cast of the cavities, which can be 
made in plaster of Paris. The appearance of snch a cast, viewed respectively from 
iJ)ove and from the side, is given in the accompanying figure (fig. 90, a, b). 

The oorpm oallcHram or grsat aomnusBiiTtt (trabs cerebri) (figs. 91. 92, 102), 
a white stnicture, abont 10 centimeters long, which connects the two hemispheres 
thronghoat nearly half their length, approaches closer to the front than the back of 
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the hemispheres. It is about 20 mm. in width behind, and somewhat narrower in 
front. Its thickness is greater at the ends than in the middle, and is greatest 
behind (8 mm.). It is arched from before backwards, its lower surface being 
concave and ita upper surface convex. Its npper surface is distinctly marked by 
transverse furrows, which indicate the direction of the greater number of its fibres. 
It is also marked in the middle by a longitudinal furrow {raphe), which is bounded 
by two white tracts, .placed close to each other, named the mesial longittidituil stria 
or nerves of Lancisi (fig. 88). On each side, near the margin, are seen other 
longitudinal lines {grey or lateral hngittidindl strife). The lateral strite lie within a 
fissnre (calhsalfissure) which separates the upper surface of the commissure from 
the gyrns fomicatus (by which convolution they are entirely covered in : hence the 
name, iania tecla, which is often applied to them). Both the mesial and lateral 
longitudinal striie are traceable, when weU developed, into the gyrus dentatns 
posteriorly. The morphological value of these structures will be afterwards referred 
to (p. 155). 

Id front, the corpus callosum is reflected downwards and backwards, forming a 
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bend named the g»nu (fig. 91). The inferior or reflected portion, which is named 
the rostrum, becomes ^^oally narrower as it descendB, and ia connected with the 
lamina cinerea by a thin white layer, the commUsura baseos alba of Henle. It gives 
off also two bands of white substance, the peduncles of Ihe corpus callosum, which, 
diverging from one another, run backwards acroaa the posterior margin of the 
anterior perforated apace on each side to the uncus of the temporal lobe, where they 
meet the enter olfactory roots. These peduncles traced npwarde around the genn 
are found to be continued into the mesial longitudinal Htrite. 

Behind, the corpus callosum tenninacea iu a free thickened border, named the 
aplmium, but this term is eometimes restricted to the under part of this thickened 
border, which appears as if rolled round under the rest {^Imiium proper, Beevor). 



Pig. 92. — Tnw oi thb ooBPCia oalloscv iboh iBori (&om Bappej after Foville). } 

The upper snrfftce of the corpiu callosum has beeo fully exposed bj Kpaiating the cerebnJ liemi- 
■pherea and thrawiag them to the aide ; the gyms foroitstus ha!a beeo partly det^ed, and the tnnt- 
TeiM GbrsB of the corpus callisum traced for Bome distance into the cerebraJ medallarj suhstaaoe. 

], the upper aurfsce of the corpus callosum ; 2, median furrow or raphe ; 3, longitudinal atrial 
bounding the fnrrow ; 4, swelling formed bj the tranaretse banila as th«y paaa into the cerebrum, 
arching over the side o! the lateral ventricle ; S, anterior eitremit; or knee of the corpus callosum ; 6, 
posterior extremity ; 7, anterior^ and 8, posterior fibres proceeding from the corpus caUoBuia into the 
frontal and occipital lobes reepectiTely ; S, margin oE the swelliag ; 10, anterior part of the gyma 
fomicatiu ; 11, Gsaure between tlie corpos calloeum and thia coDTolntion opened out ; outside 12, ia the 
termination of the calloso-marginal fiaaure, and before 13 ia the parietixiocipital fiasure ; 13, upper 
8ur£Bj» of the cerebellum. 

The mesial part of the under surface of the corpns callosum is connected behind 
with the fornix, and in the rest of its length with the septum Jucidnm, a vertical 
partition between the two lateral ventricles, which is included in the anterior bend 
of the corpus callosum. On the sides the corpus callosum roofs in the body and 
anterior horn of the lat£ral ventnclea. The enlarged posterior part or splenium lies 
over the mesencephalon, with pia mater between. The transverse fibres of the 
corpns callosum pass in a radiating manner, interlacing with those of the internal 
capsule, through the medullary centre to the cortex of each hemisphere. Those in 
front which sweep round into the prefrontal region form the so-called forceps minor. 
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Those from the body and the upper part of the splenium which curve over the 
lateral ventricle form the tapetum, whilst a large mass of fibres from the 
eplenimn proper curves round into each occipital lobe and is known as the forceps 
major. 

The septum lucidnm (fig. 91, sept liic,)^ a thin double partition, separates the 
anterior part of the two lateral ventricles. It is composed of two distinct laminae, 
having an interval between them {ventricle of the septum) which contains fluid 
probably of the nature of lymph. It occupies the interval between the corpus 
callosum above and in front, and the anterior part of the fornix behind (fig. 91) ; 
and gradually tapers backwards to end over the middle of the third ventricle, from 
which it is separated by the fornix and velum interpositum. Antero-inferiorly it 
extends downwards in an angle which reaches the anterior commissure. 

The laminaB of the septum are formed of a part of the mesial wall of the hemi- 
spheres which has remained free, while the surrounding parts have become united 
by the development of the corpus callosum above and in front and the fornix 
below and behind. The ventricle of the septum was therefore originally a part of 
the great longitudinal fissure, and has no connection with the internal ventricular 
cavity of the brain. Accordingly we find that it is not lined by ciliaited epithelium, 
but each lamina consists of a thin layer of grey matter next to the cavity, and 
homologous with the grey matter of the cerebral cortex, and a thicker layer of 
white matter continuous below on either side with the general white matter of 
the hemisphere. Externally, next to the lateral ventricle, is a layer of ependyma, 
and covering this the epithelium which lines the lateral ventricle ; internally is a 
layer of connective tissue, homologous with the pia mater. 

The fornix (fig. 89, /) is an arched longitudinal white tract consisting of two 
lateral halves, which are separated from each other in front and behind, but in the 
intermediate part are joined together in the median plane. The two parts in front 
form the anterior pillars (columruB fomicis) ; the middle conjoined part is named the 
body ; and the hind parts, which are again separated from each other^ form the 
posterior pillars {crura fomids). 

The body of the fornix is triangular in shape, being broad and fiattened behind, 
where it is adherent to the under surface of the callosum, and narrower in front, 
where it is attached to the septum lucidum. Its lateral edges are free and are seen 
projecting into the lateral ventricles just above the choroid plexuses. Its under 
surface rests upon the velum interpositum, which separates it from the optic thalami 
and the third ventricle (fig. 94). 

Beevor distingniahes (in the monkey) two sets of fibres in the body of the fornix. Of 
these, the mesial set, when traced backwards, appear to torn dorsally and pierce the corpus 
callosum just in front of the splenium ; above the coi-pus callosum they may perhaps join the 
posterior fibres of the cingulum (see p. 158), but their actual destination has not been certainly 
followed out. 

The anterior pillars (fig. 82, C/), cylindrical in form, can be traced downwards, 
slightly separated from each other, in front of the foramina of Monro, of which 
they form the anterior boundaries, and through the grey matter on the sides of the 
third ventricle, curving backwards to the corpora albicantia. There each column 
tm'ns upon itself, making a twisted loop which forms the white portion of the 
corpus albicans, and from this it appears to be continued, as the bundle of Vicq- 
d'Azyr, upwards into the anterior nucleus of the optic thalamus (fig. 93). Each 
pillar is connected near the foramen of Monro with the stria pinealis (taenia 
fornicis), and with the taenia semicircularis, and it gives fibres to the septum 
lucidum (for other connections of the anterior pillar, see p. 158). 

According to the experiments of Gudden and Forel the fibres of the anterior 
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pilluTs find a termination in the grey matter of the corpora albicantia, and are not 
directly continnoas, as in diesected preparations they seem to be, with the bundle of 
Ticq-d'Azyr. 

The posterior pillars or crura of the fornix (fig. 94, 13) are the diverging 
posterior prolongations of the two flat lateral bands composing the body. At first 

"*" Fig. 93.— Skiich bhowi.so thb omnis *hi) co»- 

ruBNix. (Schwalbe.) 

A mediui ■ectina h>» been mitde ihrougb the 
thiid 'ventricle, and the saperficifi] gre; matter re- 

th.t, upper part o( tbe thtJamuB ; th.m, its mesial 
surface : between tbe two is the medullary atria, 
leading from the pineal gland and Iriganam habeaolip. 
tr.h, Ui the anterior pEllar of the forni:i, c./; /, 
' "" of Vicq-d^Aijr ; cm, corpus tnamillare ; 







;/, fihi-esof the inferior peduncle of the thalamus 








sure ; COM, middle commissure 


rA, efai»<m 











they adhere to the nnder surface of tbe corpus callosnm, then, curving outwards and 
downwards over the pulvinar of tbe optic thalamus, each crns enters the descending 
horn of tbe lateral ventricle, where some of its fibres are distributed on the surl&ce of 



CB 0110 in rcEXUSKS, JIKD cohpori 
STRUTi. (From Sappej after Vicq- 
d'Aijr.) J 

1 , fore part of the tela ehoroiden 
or velum interpositum ; 2, 2, choroi.l 
plexua ; 3. 3, left vein of tjalen partly 
iwvered by the right ; 4, anterior 
pilLira of the fornix divldeil in front 
of the fonunen of Monro ; on either 
side are wen email reina from the 
front of the corpus ealloanm and the 
septum lucirlum ; S, vein of the 
corpus Btriatum ; 6, eonvolnted 
msr^inal vein of the choroid plexus ; 
7, >c'in rising from the thalumua opti- 
cus and corpus etdutum ; 8, •cin 
proceeding from the inferior comn 
and hippommpus major ; 9, one froni 
the poslerlor comu ; 11, foniii 
dividml near its middle and tumeil 
baekivarrls ; 12, lyra : IS. posterior 
piDar of the fornix ; 14, thespleninni 
of the corpus callosum, 

the great hippocampus and 
the remainder are prolonged 
as tbe narrow band of white 
matter known as tbe tenia 
hippocampi or fimbria (fig- 
89,,/i). 

On examining the under 
surface of the conjoined posterior parts of the fornix and corpus callosom, the 
splenium of the latter with its thickened edge and the divei^ng halves of the 
fornix appear to enclose between them a triangular structure, marked with tnns- 
verse, longitudinal, and oblique lines. To this part the term lyra has been applied 



THE CORPUS STRIATUM. 131 

{fig. 94, 12). This contains a few fibres which pass across from one posterior pillar 
of the foi'uis into the other, and are considered to form a commissural connexion 
between the two hippocampal regions of opposite sides. This connexion is denied 
by Beevor (in the monkey). 

The tnuia sainicirciilaiu is a band of white matter which lies in the groove 
separating the ventricular snrface of the nucleus caudatus from that of the Optic 
thalamus. It extends from the extremity of the descending horn of the lateral 
Tcntricle, where it passes into the nucleus amygdalie, to the anterior part of the 
body oF the ventricle, as far as the foramen of Monro, having a curved course corre- 
sponding with that of the ventricle. Its anterior connexions are someivhat obscure, 
but, according to Schwalbe and Testut, it divides antcn'orly into two parts, one of 
which is continued into the anterior pillar of the fornix, mid the other passes over 
and in front of the anterior commissure to become lust in the grey matter which 

Fig. 65. — COBOBIIL SKCTIOH 

(Key M>(l Ret/iuB.) 

c, C, corpus calloeDm ; below its 
middls part the septum luciJiim, 
and betov ttuit again Uie fornix ; 
L V, lateral ventricle ; th. thsla- 
mus; betveen the two tbalami 
the third Yenlricle i» seen ; below 
the thidamuB ie the eubstaDtia 

cleuE of the mrpuB Btiiatniu ; 
c, caudal* iiadeuB of the same ; 
between (A and tir a the internal 
capiale ; ontside tlr is the tbin 
grey band of the clauBtrum, niid 
ontBide this again the iHland lA 
Eeil at the boCvoia of the Sylviau 
flHure : n, a, nucleae amjgdaliE \ 
immedialely within this is the 
optic tract seen in section \ f, 
pitnitarj body ; B, body of the 
iphenoid bone ; m, sutoiach^oid 
apace ; t>, villi of the arachDoM. 

intervenes between the septum lucidum i:nd the anterior end of the nucleus 
caudatos : some fibres perhaps penetrating into that nucleus. According to Foville, 
each extremity is ultimately traceable into the anterior perforated space. 

The corpora atriate {yanglia fif the cerebral hemupkeres), situated in l\-ont and 
to the outer side of the optic tbalami, are two large ovoid masses of grey matter, the 
greater part of each of which is embedded in the white substance of the hemisphere 
(extra ventricular portion), whilst a part becomes visible in the body and anterior 
horn of the lateral ventricle (intraventricular portion). The corpus striatum derives 
its name from the streaked appearance it presents, especially in its anterior part, 
when cut into, an appearance which is due to the passage through it of bundles of 
white fibres of the internal capsule to the irontnl lobe of the hemisphere. 

The nnolflUi oandatns {in travenlrirular portion of Ike corpus slruilum) (fig. 82, 
Cs. ; fig. 88, cMr.), is of pyriform shape, its larger end being turned forwards and 
appearing in the floor and partly in the lateral wall of the anterior horn. This 
-eniaiged anterior extremity projects into the white matter of the frontal lobe, where 
it is bounded by the fibres which pass from the genu of the callosum. Its narrow 
end is prolonged backwards and outwards along tbe body of the ventricle and into 
the roof of the descending horn, passing nearly to the extremity of the latter. The 
candate nuclens is separated from the thalamus by the teenia semicircular is. Where 
it Ues in the lateral ventricle (superior snrface) the nucleus caudatus is covered by a 
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la;er of ependyma and over this bj the ciliated veotricular epithelinm. The gaaglioa 

is itself composed of a I'eddiah grey substance like that of the outer zone of the 
lenticular nucleus (see below). On the deeper side, that turned towards the internal 
capsule, the nucleus receives from this a number of bundles of meduliated fibres 
which are traceable from the crusta. According to Wernicke it is doubtful if any of 
these pass on to the white matter of the heniisphercs, noi' do they come from the 



Fig. 88.— V«W FROM BEHIMD OF k FHOHIlt BloriOH OF 

auicr at run coxpua cillosdu. {S. A. S.) From a photograph. 

g.f.c, genu corporia callosi : c.a., cornu aiiterius of lateral rentricle bounded latcrallj by the gnj 
maw of the corpus etriatum ; el., claustniin ; i.S,. insula ; £;., Sylvian fissure : c-in.n., edIcus Ral[«i>- 
margioaliii; >./.(., sulcus frontalis superior; s.f.i., sulcus precentralis ; t.olf., sulcus alf ^cUuina ; 
fr.orb., orbital Burfaca of frontal lobe ; Ir.olf., tractus olfaclorius in section. 

The iisction paeecs a little more anteriorly through the left hemisphere than through the right 

crusta directly, but only after traversing the medullary laminie of the lenticular 
nucleus (see below). 

The nerve-cells of the nucleus caudatua are multipolar, and, in the adult, pig- 
mented. Some are moderately large, but moat small, belonging to Golgi's second 
type, with short axis-cylinder process (Marchi). Their nerve- processes pass in 
various directions, some into the internal capsule. In addition, peculiar spheroidal 
cells containing two or more nuclei were described by Henie. 

The nndaDS lenticolaiia (exlravenfricular portion of the corpus atrialum) is 
separated in the greater part of its extent from the intraventricular part by a layer 
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of white Bubstaoce {inlernal capsule), bat is united with it m front, where it iB 
pierced, as just stated, by the fibres passiDg to the frontal lobe. The lenticular 
naclens is ooly seen in sections of the heinispher<;. Ite horizontal section (fig. 99, n.J) 



UIDDLlt 0/ TUE A.HTKHIUH COMlllSdURG. (E. A. S. ) PrUID U llLoCOgmph. 

C.C.. eorpua cslliMam ; /n., anlaiior pillnr^ of the (ornii: with th? itnUrior extt-einit; of the thini 
TcntriclB batween them ; i'(., lateral ventricleB ; a.c, anterior oommiBSure ; n,c., nucleus caudstu»; 
gl.p., globus palliduB and pa., putamen. of Duclens lenticulnria ; c.i,, between the nucleus caadatoa 
■nd Ducleu tenticiil&rie, thft internal capsule ; el., dsuitrum : i. R., insula ; e. m.i. , sulcaa e&lloeo- 
marginaiia 1 i./r.i.. sulcus frontalis saperior ; i.yir.)., sulcus precentralis superior; tr.nlf., traetus 
dlfaclDrius pauing to the anterior perforated .'iiace and giving off iU mesial, lateral, and middle njotA 

somewhat resembles that of a biconvex lens, being wider in the centre than at either 
end, but larger auteriorly than posteriorly. It is less estensive than the caudate 
nucleus, which projects beyond it at either end. The autero-posterior diameter 
corresponds closely with that of the central lobe of the hemisphere, or island of Reil, 
aud the greatest width is opposite the anterior edge of the optic thalamus. On a 
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transverse vertical section throogh the middle (figs. 97 and 98), this nucleus appears 
triangular, haviug a lateral, a nmial and an inferior surface, facing respectively the 
external capsule, the internal capsule, and the base of the brain. Two white lines 
(imduUary lamina), parallel to the lateral border, divide it into three zones, of 
which the outer {pnlamen, Burdach, figs. 97, 98,^.) is the lai^t and of a dark 



BKHIND IHK OPTIC CHIA3MA. (F. A. S. ) From a pLoWgrsph. 

f.c.coriiua c»lloBuni;/u., bodj of fornix: ///., thini ventricle ; i-./., lateral vcjitriclB ; n.t., nnclem 
cauilntiu ; ifr.rn., Btria medull&ria ; th., tbalamUE ; e.i., ititern&J capsule ; gl.p., globus polliilua : jm., 
putamen ; e.e., exterDul oainiile ; d., claiutcum ; i.It., insula; n.a«i^., nucleus Bmjgdalie ; A. anterior 
end of hilipocBnipns ninjor projecting into the descending cornu of tbe lateral leatricle : Ir., optie tract i 
cA., optic cblMiua ; 71,0711., optic neire ; i;-ni.«.,eailoi>aniai^nal sulcus: Ao.(., Rolandic sulcus ; in-p.i., 
intraparietal sulcus; i>, Sylrian fissure; /./f.t., parallel Gssure ; tn/.l.>., second temporal sulcus; 
cotl.t., collateral sulcus. 

reddish colour marked with fine radiating white striK, whilst the inner two, known 
conjointly as the globus pallidus (glp.), are yellowish in tint. On its outer aide is a 
grey lamina, termed the claitstrum (ci). which is separated from the lenticular nucleUB 
by tbe etratnm of white substance named the eilemal capsule (e.e.). The internal 
capsule (ooDtiauation of the crusta) separates it in the greater part of its extent 
from the candate nucleus and thalamus, but anteriorly the two nuclei of the corpus 
striatum are united at their bases. Where it is widest (fig:. 97) the lenticular 
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oncleDs ia continuouB below with the BUperficial grey matter formiDg the anterior 
perforated lamtna, into which the base of the claustrum also passes, and fnrther 
back it comes in contact below with the nucleus amygdalae (fig. 98) ; through 
these structures it is continuous with the grey cortes of the hemisphere. 

All three zones of the nccieus lenticularis are pervaded by bundles of white fibres, 
bat they are most conspicuous in the outer zone. The gi-ey matter between the fibres 
contains many cells with yellow pigment in them. The oolls on the whole resemble 
those of the caudate nucleus, but tbew are more in proportion belonging to the first 
type of Goigi (cells with a long nerve -process). Fibres pass directly from the 
inner zone into the adjacent part of the inner capsule (i.e., into the peduncle of the 
cerebrum), while others from the substantia innominata below the optic thalamus. 

Fig. 99. — HoRIZOKTAti BI01 



prep«i»tion by Mr. 3. Q. 3hartock.) NMoral mm.' 

Tbe ae<nion in rieved from helow ; v.l, lftter.il 

Tsntrtule, anterior corou ; c.i, corpua culloeum : 

fornix ; v 3, third ventiicls ; ih, thalamiu opticus ; 
it, atria terminalie ; c, Ducleua caodiktiu, and n.^ 
nucleuB lenticnlaris of the corpiu striatum ; i.e. in- 
ternal capanle ; t/, its angle or geon ; n.e, tail of the 
□Qclens candatus appearing in the desceniling comu 
of the lateral ventricle ; cl, claustrum ; /, isltuid of 
Beil. 

onrve outwards around the mesial edge of 
the peduncle and enter the lower part of 
the lenticular nucleus as a distinct bundle 
(ansa lenticularis, p. 113) and passing into 
its medullary lamiuse are distributed in the 
middle and outer zones. 

Other fibres connect the caudate with 
the lenticular nucleus, and others again pass 
from this nucleus into the corona radiata 
or white substance of the hemispheres and 
thence to the cortex, but few fibres emerge 
from or enter the lateral surface of the 
lenticular nucleus, which is sharply marked 
off from the external capsule. 

The «xt«nul oapsnlo is formed of fibres which are not directly connected with 
the lenticular nucleus but are derived partly from the anterior commissure, and in 
part from a portion of the ansa lenticularis. 

The clanstram (figs. 96 to 100, cO is a tblnlaminaofgrey matter which is smooth 
next to the outer capsule but ridged and furrowed externally, the ridges and furrows 
corresponding to the gyri and sulci of the central lobe, with the white substance of 
which the clauBtrura is in immediate relation. According to Meynert the claustrum 
is to be looked npon as a separated part of the grey cortex of the central lobe. In 
transverse sections of the hemisphere the claustrum is seen to taper to a fine thread 
superiorly (apex) and to expand below (base), having the shape of an elongated 
triangle. 

In the claustrum the cells are for the most part small and spindle-shaped, and 
arrwiged parallel with the suriace, resembling those which are met with in the 

' This Ggare shows the oarrowed conaectiona of the isluiil of Reil with the rest of the hemisphere 
(mantle). These narrow connecting parta have been termed bj Ouldberg MtAmt (anterior a paHerior) 
hbi ixntralU. 
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deepest layer of the grey cortex of the hemispheres. Most of the cells contain 
yellow pigment. 

The internal capsnls (Burdach) (figs. 97 to 100, e.i. and ic) is a lamellated 
tract of white fibres whiuh lies between the nacleus lenticularis laterally and the 
nuclens cnndatus, stria terminalis, and optic thalamus meaially. It is someifhat 
interrupted, especially in front, by strands of grey matter which nnite the caudate 
and lenticular nuclei. In front, behind and above it is continuous with the white 
snhstance of the hemispheres, its fibres diverging in a fan-like manner towards the 
cortex {corona radiata of Reil). Below it passes directly into the cmsta, of which it 
is the immediate continuation. In horizontal sections (fig. 99) the internal capsule 
shows a bend (genn ) opposite the etria terminalis, the anterior third forming an angle 
of about 120° with the posterior two-thirds ; these two parts are known as the ante- 
rior and posterior segments respectively. In vertical sections (fig. 100) it appears 
to take a straight course, upwards and outwards from the cms cerebri to the 

Fig. 100.— Sectioh across thk optic 



th., tbalamns ; a, t, i, ita anterior, 

eitemal and mtenial nuclei respectively; 

w, its latticed layer : m.c. middle cam- 

mieiiure ; above aod below it is the cavity 

of the third Tentriclc ; c.c, corpus callo- 

sum ; /, fornii separated from tbe tiiird 

ventricle and thalamus by the velum 

interpoeitum. In the middia of this are 

seen the Iwo veins of Galen and the 

choroid plexuses of the third ventricle : 

and at ita edges the choroid plexuses of 

the lateral ventricles; t.t-, taenia semj- 

circnlaris ; cr., forward prolorgafion of the cmsta passing laterally into the internal capsule, i.e. ; 

i.t.r., subthahimic piolongBtion of the tegmentum, consisting of (1) the dorsal layer, (2) the lona 

incerta, and (3) the nucleus of Luys ; a.n., substantia nign ; ii.c, nucleus caudatus of the corpos 

atriatam ; n.C, nucleus lenticularis ; e.c, extei-nal capsule ; d., cUiustrum ; /, island of ReiL 

corona radiata. It baa been determined as the result of experimental observa- 
tions in animals, and from pathological and clinical observations in man, that the 
fibres which conrse in the middle third of the internal capsule (*>., which are 
opposite the globus pallidns of the lenticular nucleus) are connected with the part 
of the cerebral cortex excitation of which gives rise to movements in the various 
parts of the body (Rolandic region of cortex), whilst those of the anterior third 
are connected with the prefrontal region, and those of the posterior third with the 
occipito-temporal region. 

Besides these fibres which connect the cortex of the hemisphere with the cru^, 
the internal capsule contains others derived from various sources, viz., from the 
caudate and lenticular nuclei, the optic thalamus, and sub-thatamic region, and 
also, through the corpus callosum, from the cortex of the opposite hemisphere 
(Hamilton). The exact localization within the internal capsule of most of these 
fibres has not as yet been determined. 



THE CEREBRAL HEMISPHERES. 137 



EXTERNAIi COXTFOBMATIOK OF THE CEBEBBAIi HEMISFHEBES. 

The cerebral hemisplieres together form an ovoid mass, flattened on its under 
side, and placed in the cranium with its smaller end forwards, its greatest width 
being opposite to the parietal eminences. The hemispheres are separated in a large 
part of their extent by a deep fissure, the great longitudinal fissiire. On opening 
this fissure by drawing asunder the two hemispheres, it is seen, both before and 
behind, to pass quite through to the base of the cerebrum ; but for 10 centimeters 
in the middle it is interrupted at a depth of about 80 mm. at the front to 40 mm. 
at the back by a large transverse mass of white substance, named the corpus caUosum, 
which connects the two hemispheres together. "While the brain is within the skull, 
the longitudinal fissure is occupied by a vertical process of the dura mater — the falx 
cerebri — which dips down between the two hemispheres, not quite reaching to the 
corpus callosum in front but touching it behind. 

Each cerebral hemisphere has an outer, convex surface, in contact with the vault 
of the cranium ; an inner or mesial, flat surface, which forms one side of the 
longitudinal fissure ; and an irregular under surface, in which is a deep cleft, the 
vallecula Sylvii. In front of this cleft the under surface (orbital division) rests in 
the anterior fossa of the base of the skull, behind it in the middle fossa (temporal 
division), and further back still, on the tentorium cerebelli (occipital division). The 
surfaces pass into one another at the borders, which are also three in number, viz. : 
two mesial (superior and inferior) and one lateral. The anterior extremity of each 
hemisphere is known as the frontal pole, the posterior as the occipital pole. 

The surface of the hemispheres is composed of grey matter, and is moulded into 
numerous smooth and tortuous eminences, named convolutions or gyri, which are 
marked off from each other hj fissures or sulci of varying depth. 

The convolutions are covered closely throughout by the vascular investing 
membrane, the pia mater, which sends processes down to the bottom of the sulci 
between them, while the arachnoid membrane passes from one convolution to another, 
without dipping between them. In general, the height of a convolution exceeds its 
width ; and its width at the surface is somewhat greater than at its base. The 
convolutions present considerable variations of position, direction and complexity in 
the brains of different individuals, and even in the two sides of the same brain, but 
they are usually recognizable without much difficulty. It is far easier, however, to 
trace the more important fissures and convolutions on the brain of a monkey, where 
they are much less obscured by tortuosities and secondary sulci. 

Since the external grey or cortical substance is continuous over the whole surface 
of the cerebral hemispheres, being found alike within the sulci and upon the gyri, it 
is obvious that a far greater extent of grey matter is thus provided for with a given 
size of the brain, than could have been the case had the hemispheres been plain and 
destitute of convolutions ; indeed, it is calculated that the extent of " sunken " 
surface is twice that of " exposed" surface (cf, pp. 176, 177). 

The sulci between the convolutions vary greatly in depth, being in some parts 
quite shallow, in others as much as 25mm. (1 inch) or more deep. The average 
depth is about 10mm. or 12mm. Certain well-marked sulci can easily be recognized, 
and these serve as guides to the position of others which may at first be less readily 
detected. 

It may be well in the first instance to describe the six chief or " interlobar " 
fissures, so-called because they are used to mark the hemisphere off into lobes ,- the 
lobes themselves, with the convolutions and fissures which are included within 
them, can then conveniently be taken in order. 
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Fig. 101.— YlKW, TROU THE SIDK AHD SLIGHTLY VROX ABOVB AND BBHIRD, OF,THS RIGHT HBMISPHBRR 

OF A SIMPLY OOMVOLUTSD EUROPEAN BRAIN. (E. A. S.) 

Fig. 102.— Mesial aspect op the left hemisphere of a simply oonvolutbd European brain. 

(E. A. a ) 

Fig. 103. — Under surface of a simply convoluted European brain. (E. A. S.) 

The above are depicted nearly of the natural size. They have been drawn from photographs, and are 
all taken from different specimens. 

The sulci are marked with small italic letters : the gyri with italic capitals. The corresponding 
parts are marked similarly in the three figures 

Pig. 101. — Sulci — Ro., Eolandic or central; g, its superior genu ; Si/, a, anterior limb of Sylvian 
{x, ascending part, y, horizontal part) ; Sy.p, posterior limb of Sylvian ; Sy, p. oic, ascending ramus 
of posterior limb ; /i, superior frontal ; /,, inferior frontal ; /,, middle frontal ; /^, paramesial frontal ; 
d, diagonal, placed in this instance rather low down, and communicating with the Sylvian ; p,e, inf^ 
inferior precentral ; p, r. I. ant, , its anterior ramus ; p. c. gup, , superior precentral ; p. c. m, mesial precentml ; 
p.c, tr., transverse precentral ; rto. tr,, transverse i-etro-central ; i.-p. iiif^ intra-parietal, pars inferior 
(inferior postcentral) ; i,-p, »up,^ intraparietal, pars superior (superior postcentral); i,-p,post. s, Jior,, 
intraparietal, pars posterior seu horizontalis ; i.p. post., intraparietal, pars posterior (paroccipital of 
Wilder); i.'p. pr. asc.j an ascending branch of the intraparietal; p.-o,, parieto-oocipital ; oco. ant., 
anterior occipital ; oec, lat,, lateral occipital ; calc, posterior end of oilcarine ; t^^, first temporal or 
parallel ; t^ asc, its ixMterior ascending extremity, detached ; ^„ second temporal ; t^ asc, its 
posterior ascending extremity joined to and apparently continuous with the first temporal. 

Gyri — 1'\, F^, I\, first, second and third (superior, middle, and inferior) frontal; a, posterior part 
of third frontal : If, middle part (pars triangularis) ; o, orbital part ; A.F,, ascending frontal ; A,P,^ 
ascending parietal ; 2\, T^, T^, first, second, and tbird temporal. 

Fig. 102. — Sulci — Ro,, upper end of Eolandic ; p.e,m,, mesial precentral ; /„ mesial frontal : 
cm., calloso-marginal ; pr. I., prelimbic (anterior end of calloso-marginal) ; pr, I, asc, an ascending 
branch of the prelimbic ; paracentr., paracentral (posterior end of calloso-marginal) ; p.l., postlimbic ; 
ro, rostral; ro. inf,, inferior rostral ; p.-o., parieto-occipital ; ealc. ant,, stem of calcarine; calcpon,, 
posterior part of calcarine ; 1, 2, 3, 4, places where annectent gyri occur in calcarine and parieto-occipital 
fissures; t^, third temporal ; ooll,^ collateral or fourth temporal; h (placed on the fascia dentata) has 
the hippocampal fissure just below it. 

Qyri — F,, marginal part of first frontal; C, callosal (gyrus fornicatus); JET, hippocampal; unc., 
its uncus; h, dentate; T^, fourth temporal (fusiform lobule); T^, fifth temporal or infracalcarino 
(lingual lobule). 

c,c, corpus callosum ; tpl,, its splenium ; g, its genu ; r, its rostrum ; fo, fornix ; Ji., fimbria. 

Fig. 103. — Sulci — orb,, orbital (sagittal rami); o.tr,, transverse orbital ; olj,, olfactory; t^, t^, t^^ 
first, second, and third temporal; coll., collateral (fourth temporal) ; oalc., calcarine. 

Gyri— ii^, gyrus rectus ; T^, T^, 2\, T^, first, third, fourth and fifth temporal ; H, hippocampal ; 
f.r.a,, substantia reticularis alba ; urui., uncus. 

eh, chiasma; x.p.a., substantia perforata antica; i.e., tuber cinereum ; m, corpora mamillaria, 
accidentally separated from one another in the preparation ; or, crusta ; tm, tegmentum ; spl,, splenium 
of callosum. 

Fissure of Sylvius. — The most distinct fissure in the adult brain, and also the 
first one to make its appearance in the development of the embryo, is they^^t^^ of 
Sylvius. This deep and conspicuous fissure is seen at the base of the brain, opening 
out as the vallecula Sylvii (Broca) on to the anterior perforated space. From this 
origin the fissure passes transversely outwards to the lateral surface of the hemisphere, 
where it presently gives off a short horizontal branch (about 2 centimeters long), 
and a rather longer ascending branch (about 8 centimeters), the fissure being then 
continued nearly horizontally as the posterior limb for a considerable distance (8 or 9 
centimeters) obliquely backwards and upwards in the direction of the parieto- 
occipital fissure, having a slightly curved course. It ends at about the junction of 
the middle and posterior thirds of the lateral surface (midway from superior to 
lateral border), usually by bifurcating, one branch passing obliquely upwards, the 
other backwards and somewhat downwards. If the lips of the Sylvian fissure are 
separated, the island of Beil is seen at the bottom of the sulcus. In section this 
fissure, together with the limiting sulcus of the island, forms a T-shaped figure (fig. 95). 
Its bounding convolutions are folded over the island of Reil, and the upper bounding 
convolutions which belong partly to the parietal, partly to the frontal lobe, form the 
operculum of Burdach. 
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The anterior horizontal and anterior asceudiDg- limbs of the flsaore eabdivide this opercnlmn 
into thres nnequal parts, an upper or froHtf-parietal (pars fronlo-parietalU), a middle or 
frontal (pan triangalaris, ''cap" of Broca), and a lower or orbital (pars orbitolis) {Bg. 101, 
a, b, c). All these are now often apokau of as opercula. The convolution bonading the 
Sflrian fissure below is also spoken of as the temporal operonlam, so that four opercola are 
thos enumerated. They are formed in the embryo bj the manner in which the mantle comea 
to overlap the centrEil lobe. The temporal and fron to -parietal appear &r-it, above aoA below the 
Sylvian fossa of the embryo : tbe frontal and orbital develope much later. The meeting of 
the four opercula determines tbe formation of the three limbs of the Sylvian fissure (fig. 104). 

The Sylvian fissure is usually longer in the left than in the ri^rht hemisphere ; the dlfferenoe 
being due to tho greater development of the frontal operculum on the left side (Gg. 106) 




Fig. 104.— DlAORAMS 
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The psrt printed lilack repro-cnts 
portions represent the different operciun. 

P.P., fronto-pari^tal npei-culum ; T., temporal operculum ; P., frontal operoiiloni 
of third frontal gyrus) ; O, orbital operculum ; i'.'i., posterior limb of fissure : n.u., a 
limb ; a.h., anterior horizontal liinh. 

In I, the froato-parietai and temporal opercula ,ire beginning b> grow over the 
formstioQ of all (our opercula is advunceil, Che pan trian^ulani being veil marked, 
limb (l-sbaped. In III, the pars triangularis is only slightly developed, and the 
in IV the pars triangulnris is abeeot und the anterior limb is simple (I-form). 

{localisation of speech centre. Broca). The horizontal and ascending limbs of the anterior 
branch of the Sylvian fissure often arise from a common stem (T-condition, fig. 101 and &f. 
106, right aide), the pars triangularis being then less developed than iisnaL This part may 
«ven not form a distinct opercular projection, in which case the anterior limb of the Sylvian 
fissure is nndivided (I-condition). 

Tbe anterior and ascendin);' limbs arose by a common stem from the main fissnre (T form), 
in 32 p. 0. of the hemispheres eiamiued by Cunningham ; independently (V and U form) in 
S7-0 p. 0. ; and as a single iimb {I form) in 30 p. c. TTiere are sometimes two secondary 
extensions of the Sylvian fissure on to the orbital lobe (orbital limbs), bnt these are lesi deep 
and have not the same morphological importance as the others. 

The posterior limb about corresponds in the adalt to the level of the squamous sntnre, bnt 
in children younger than fifteen years it is isther above this level. The angle which the 
direction of the posterior limb forms nith a line perpendionlar to tiie superior bother of (he 
hemisphere (Sylvian angle), varies considerably, bat is more acute on the whole in the child 
than in the adult (Cunningham). 

In the brain of some monkeys, the posterior limb of the Sylvian fissure joins (superficially) 
Uke parallel fissure, which it gradually approaches, and the two aie continued as an apparenliy 
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conjoined fissnre almost as far aa the upper margin of the hemisphere ; this conjunction is 
sometimes found in the human subject. 

Fissure of Bolando. — The fissure of Rolando^^ or central sulcus (Haschke) 
(fig. 101, Ro, ; and figs. 105, 107 (monkey) ), extends across the lateral convex surface 
of the hemisphere interrupting the general longitudinal course of the gyri and sulci. 
The parallel convolutions which bound it are named respectively the ascending 
frontal and ascending parietal convolution or the central gyri. It begins above, near 
the vertex or highest point of the hemisphere, somewhat behind the middle of 
the great longitudinal fissure, and passes downwards and forwards to end near 
the middle of the fissure of Sylvius, the posterior limb of which it sometimes (but 
rarely) joins. The junction is eflFected by the medium of a small sulcus, precentral 
transverse sulcus (figs. 101, 106, jt?. c. /r.), the inferior transverse sulcus of Eberstaller, 
which is usually separated from the lower end of the Rolandic fissure by an annectent 
gyrus joining the two central convolutions. The Rolandic fissure usually reaches 
the superior border of the hemisphere, but sometimes stops short of that line ; it 
often exhibits a hook-like backward inclination at this extremity. As just mentioned, 
it passes obliquely downwards and forwards, but not in a perfectly straight course, 
for it has certain well-marked curves. At about the junction of its upper and middle 
thirds it is generally curved with the concavity forwards ; just below its middle 
third it has a second bend with the concavity backwards, while in the lowest part its 
direction is nearly vertical, with a tendency of the lowermost end to curve backwards. 
The upper curve sometimes forms a very distinct bend (superior genu, fig. 101, g), 
representing a deep bay which is here found in the brain of the anthropoid apes (fig. 
105). The middle part of the fissure is then nearly horizontal. It is very rarely 
interrupted in its course, although on separating its lips it may often be seen that 
there is a tendency to the appearance of an annectent gyrus about the level of the 
superior genu, and it is here that the interruption is liable to occur. The fissure 
of Rolando appears early (end of fifth month), being laid down in two parts, an 
upper shorter, and a lower longer portion (Cunningham). In this double mode of 
origin it resembles the precentral and postcentral sulci. 

The acute angle which the slope of the fissure of Rolando forms with the superior border 
of the hemisphere is known as the Rolandic angle. According to Cunningham it averages 
71*7®. The two Rolandic fissures form therefore when looked at from above, a wide V, open 
forwards and forming an angle of 143'*. The length of the fissure is about {ths of the whole 
length of the hemisphere. It is relatively longer and more curved in the anthropoid apes than 

in man. 

This fissure has once been found duplicated, the two fissures replacing it being separated 
by a gyrus (g. Rolandicus) along their whole length (Giacomini). The condition was present 
in both hemtspheres of the same brain. 



flBsnre. — The parieto-occipital fissure is best marked on the 
mesial surface of the hemisphere, where it appears as a deep cleft (fig. 102, p.-o.), 
extending downwards and a little forwards from the margin of this surface to near 
the posterior extremity of the corpus callosum, where it usually joins the calcarine 
fis'^ure, the two together forming a Y which encloses a wedge-shaped portion of the 
occipital lobe (cunetcs). On the convex surface the fissure is continued transversely 
outwards for a variable distance, generally only a few millimeters (external pari of 
the parieto-occipital fissure (fig. 101, p.-o.) ). This fissure is here taken as the division 
between the parietal and occipital lobes. The size of its external portion depends 
(inversely) on the size of the annectent gyrus which curves round its outer extremity 
and connects the parietal with the occipital lobe. In Quadrumana (figs. 105, 107) the 
external portion of this fissure is concealed within a deep transverse cleft (Affenspalte) 

1 Although thus named by Lenret (Anatomie compar^e du systdme nenreux, 1839), from attention 
haring been directed to it by Rolando a few years previously, this fissore was noticed and figured by Vic^- 
•d'Azyr (Traits d'anatomie et de physiologic, 1796). 
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which intervenee between the parietal and occipital lobes, the cleft tending obliquely 
backwards, so that the occipital edge somewhat overlopa the parietal {ocdpilal 
operculum). This " Affenspalte " is not represented iu the adnlt human brain, but it 
is appareotly represented by a temporary fissure which is seen in tbe fcetus during; the 
fifth and sixth months {external perpendicular Jhawre of Biscbofl").' The parieto- 
occipital fissure appears about the fourth or fifth month on the mesial surface. It is 
about on a level with the lambda (see Vol. II., p. 83), or a little in front of tlie 
level of th^ spot : more so in the chiLd than ia the adult (Cunningham). 

The calcariue flBsnre (Husley). — This is seen on tbe mesial surface of the 
hemisphere (fig. 102). It is a deep fissure, extending from near tbe posterior 



Pr. L., frontal lobe; Par. L, 
parietal lobe : Oc.L, occipiul 
iotie ; Temp. Sph. L, temporo- 
■L. Bphenoidal lobe ; Sgh. /., fissure 
of Sjlviaa ; /.Sy.o., f.Sy. p., its 
antenoi and posterioi limbs ; 
/. Sol., Gssare of Rolando ; 
tr. fr. /. , transverse frontal (pra- 
central) firaare ; int. par. /., in- 
tra parietal finare ; par. oe. f., 
porieki-accipital Gnu re. 

extremity of the brain, 
where it usually begins in 
a T-shaped fork, in a course curved at first upwards and then downwards, and 
ending below the splenium of tlie corpus callosum. The forked posterior extremity 
near the occipital lobe is sometimes cut off from the rest of the fissure, and appears 
as an independent sulcus (sulcus extremus of Scbwalbe). In many Qnadrumana the 
anterior extremity appears to be continued into the hippocampal fissure, but this is 
usually superficial only, and occurs but rarely in the human brain. 

The anterior part of tha oalcarine flesure ia by t&r Uie deepest part, and it is this part 
which indents the posterior horn of the lateral ventricle and forms the calcar avis. A ebort 
distance from ita anterior extremity tbe calcarine reoeives tbe internal parieto-occipitnl 
fissure, althongb in the depth of the latter fissnre there is nsoall; a small frjrus. passinn from 
the apex of the coneDB to tbe istbmue of tbe gyma fomicatiis (apposite 1. &g. 103) (miwD- 
limbic anaecleni gyrui). This sometimes comes to the surface and shuts off the oontinnity 
of the two fisanres, which otherwise form a Y-shaped figure, the stem of the Y being formed 
by the anterior part of the calcarine, the limba by the perieto-occipital and posterior part of 
the caloarine respectively. This posterior part of the oalcarine is developed independently of 
the stem, which is a direct representative of one of the total fisHoree of tbe ftetel beiniqAere, 
while tbe posterior part of the calcarice {poiterior talcariae of Cunningrham) is formed much 
later by two depressions, which ultimately run together and into the true caloarine. Tbe 
original independence of these parts is indicated by the eiistence of two anneotent fryri 
(antiTUir and pmlerUrr cuneo-lingnaV) concealed within the posterior part of the oalcarine : 
one at its junction with tbe stem of tbe Y. and the other near tbe hinder end. The place« of 
these anneotent gyri are indicated by 2 and 3 in Sg. 102. 

The parieto. occipital fissure is frequently interrupted in its depth by two annectent gjA 
One of these is the cuneo-limbic annectent gyrus already mentioned (fig. 102, 1), the other, 
placed higher, may be termed tbe ciinei^q'iadrate aniu'ctriit (fig. 102, at 4). 

The parieto-occipitail is preceded in the foatus by a fissure occupying about tbe BMne sitna- 
tlon, but this usually disappears before the permanent fissure makes its appearance. 

The coll»tflral fiasnr« (Huiley). — This is seen on the inferior surface, where 
it lies below and parallel to the anterior part of the calcarine (figs. 102, lOS, coll.). 
It extends forwards towards the tip of the temporal lobe, but does not reach the 

' According to some authorities, the anterior occipital auleus of the adult brain (see p. 152) repre- 
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extremity of the lobe. The middle part of this fissure, which mainly causes the 
projection of the collateral eminence in the lateral ventricle (see p. 125), is formed 
independently of the two extremities. 

The oalloso-marginal fissure (Huxley) is an extensive fissure of the mesial 
surface, which begins below the rostrum of the corpus callosum close to the anterior 
perforated space, and sweeping round the genu of the callosum runs parallel to that 
body, separated from it by the gyrus fornicatus, as far as a little behind the middle 
of the hemisphere, where it turns obliquely upwards, and ends at the upper margin 
of the hemisphere a short distance behind the commencement of the fissure of 
Bolando (fig. 102). Both the anterior and the posterior parts of this fissure are deve- 
loped independently of and are often permanently distinct from the middle part. 
The anterior part or prfilimbic fissure (fig. 10^,pr,4.) sweeps round the genu of the 
corpus callosum, and when distinct from the middle part passes obliquely upwards 
towards the upper margin of the hemisphere. In any case it usually sends a well- 
marked ascending branch towards the margin (fig. 102,^.-/. asc.). The posterior 
part of the calloso-marginal (paracentral fissure of Wilder, fig. 102) hooks round the 
inflected end of the fissure of Bolando, and is curved round the paracentral lobule, 
which it bounds behind, below, and in front : the last by an ascending ramus, which 
comes off at the junction of the posterior with the middle part of the calloso- 
marginal fissure. 

The six fissures which have been described are used by anatomists to map out the surface 
of the brain into regions to which the name of '* lobes " has, not very appropriately, been 
applied. In all, seven lobes are enumerated, viz., the frontal j pari/ftalj occipital, temporal, 
and limhio, the island of Meil, or central lobe, and the olfactory bulb and tract, or olfactory 
lobe. It must, however, be understood that these so-called lobes have by no means an equal 
morphological value, nor do they correspond precisely with the functional differentiations 
of the hemisphere which can be made out as the result of experiments on animals, and 
clinical and pathological observations in man.' The distinction is further artificial because 
the so-called lobes are in many places not marked off from one another otherwise than by 
imaginary lines. Nevertheless it is found convenient for purposes of anatomical description 
to consider the surface of the brain as thus constituted, and they will accordingly be here 
described in the order in which they have been above enumerated. 

THE FBONTAIj IjOBE« — The fissure of Rolando, passing obliquely down- 
wards from the upper margin of the brain towards the Sylvian fissure, marks off the 
anterior part of the hemisphere — constituting in man nearly one-third of the whole — 
as the frontal lobe. This term, however, includes not only the part of the external 
surface which is thus marked off^ but the corresponding adjacent part (marginal con- 
volution) of the mesial surface, as far as the calloso-marginal fissure, and also tlio 
under or orbital surface of this anterior part of the brain. In the description of the 
fissures and convolutions within the lobe, these three surfaces will be separately 
considered. 

Sulci and Gyri of the Extebnal Surface. — The precentral sulcus 
(pre-Rolandic sulcus of Broca) (fig. 101^ p.CAnf.,p.c,sup. B.nd p,c,m.) has a direction 
parallel with that of the fissure of Bolando, from which it is separated by 
the ascending frontal gyrus. It is sometimes complete, but more usually is 
subdivided into two or three separate portions by annectent gyri, which connect 
the ascending frontal with the superior and middle frontal respectively ; a third 
annectent gyrus passes below the lower end of the fissure, and unites the ascending 
frontal with the third frontal. The uppermost portion (sulcus precentralis mesialis^ 
fig. 101, p.c.m.) cuts the upper border of the hemisphere, and appears on the 
mesial surface (fig. 102, px.m,) often as a well-marked vertical fissure, which' 

^ Certain of them it is true, such as the olfactory and the occipital lobe and to a less marked degree 
ihe temporal lobe, appear to have a localized association with the functions of certain special sense 
organs. 

VOL. III. L 
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occasionally runs inix) the calloso-marginal, to which it has sometimes heen regarded 
as belonging (Schwalbe *). The next portion (sulcus preceniralis superior)^ is very 
often continued forwards into the first frontal sulcus (f^ fig. 101). Its middle part is 
opposite the upper genu of the fissure of Rolando. The inferior portion {sulcus 
preceniralis inferior) is by far the best marked. It separates the ascending frontal 
from the third frontal gyrus, and usually gives off a well-marked branch anteriorly 
into the middle frontal gyrus (which may, as in fig. 101, p.ciant, be the main 
continuation of the fissure). After giving off this branch the fissure is usually pro- 
longed upwards for some distance, but this is not shown in the brain figured, where 
the superior precentral extends unusually low down. The inferior precentral sulcus is 
often joined to the Sylvian fissure, either directly or through the intermediation 
of the sulcus precentralis transversus (see p. 143), or of the sulcus diagonalis (see 
p. 148), but there is usually, perhaps invariably, an annectent gyrus concealed in 
the depth of the fissure even in these cases. The inferior frontal sulcus sometimes 
appears to spring from the inferior precentral, either near its middle, or, as in the 
brain figured, from its anterior branch, but the two are probably more frequently 
separated by an annectent gyrus which here joins the middle and inferior frontal gyri. 

Two well-marked sagittal sulci (superior and inferior frontal) course over the 
external surface of the frontal lobe in front of the precentral fissure ; they subdivide 
this part of the lobe into three! sagittal gyri, superior, middle and inferior. Besides 
these constant sulci, there are certain others which are less constant in their 
occurrence, and in the extent to which they ai'e developed as connected fissures, viz., 
one running along the middle of the superior frontal gyrus, which we will term from 
its position near the upper border, the paramesial sulcus (fig. 101,^), (s. mesiaUs of 
Cunningham), and one running along the centre of the middle frontal gyrus (sulcus 
frontalis medius of Eberstaller), (fig. 101,y^). Both of these are not only inconstant 
in their occurrence, but when present are frequently interrupted, and then appear to 
consist of a series of separate parts, which are often united here and there with the 
other frontal sulci. 

The midfrontal sulcus (s. frontalis medius) usually bifurcates in front, and 
becomes transverse (s, transversus anterior , fronto-marginal sulcus of Wernicke). 

The superior frontal svloiui (f ) is developed after the inferior, and along with 
the upper part of the precentral, with which it is usually in direct continuity. This 
sulcus is often interrupted by superficial annectent gyri passing obliquely from before 
backwards from the first to the second frontal convolution. Anteriorly, the superior 
frontal often passes into the mid-frontal sulcus (Cunningham). This is the case in 
the brain figured (fig. 101). Posteriorly, its line may be continued by a branch 
from the superior precentral sulcus passing across the ascending frontal gyrus. This 
was also the case in the brain here figured. 

The inferior frontal snlcas (f^) usually curves forwards from the middle of the 
inferior precentral sulcus towards the frontal pole of the hemisphere. Several small 
secondary furrows pass from it above and below, and it is sometimes subdivided by 
superficial annectent gyri into three portions. Anteriorly it bifurcates, forming a 
transverse piece, which may develop separately. At the apex of the lobe, in front 
of and sometimes forming part of this fissure, are one or two transverse sulci 
forming the sulctcs radiatus and lateral fronto-marginal sulcus of Eberstaller. 

Oyri. — Four convolutions are described upon this surface, three of which rnn 
antero-posteriorly, while the fourth takes a direction obliquely across the brain, and 
parallel with the fissure of Rolando. The three antero-posterior convolutions are 
termed respectively the superior, middle and inferior, or first, second, and third frontal 

^ Schwalbe has termed it the "sulcus i>aracen trails," but this is not to be confounded with the 
fissure to which that name has been given by Wilder (p. 145). 
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gyri. They are separated from one another by the upper and lower longitudinal 
frontal sulci, and from the fourth or ascending frontal gyms by the preceutral 
sulcus, which runs parallel to the fissure of Rolando. 

The first frontal gyrus (f,), which is much the longest, runs parallel with the 
upper margin of the hemisphere, over which it is continuous with tlie marginal con- 
volution of the mesial surface, the two, in fact, really forming a single convolution to 
which the name first frontal is frequently applied. This convolution reaches the frontal 
pole of the hemisphere in front ; behind it ia partly continued into the upper end 
of the precentral or ascending frontal gyrus, partly separated from that gyrus by the 
upper end of the precentral sulcus ; below it is marked off from the middle frontal 
by the irregular and somewhat interrupted superior frontal suicua. It is sometimes 
subdivided by a longitudinally coursing sulcus (paramesial, s. fi-ontalis mesialia of 
Cunningham) into two parts, but less often than the second gyrus. This subdivision 
is rarely found in the brain of the negro. 

The MCond frontal grrxii il\) runs below and parallel to the first. It is 
separated from the precentral by the precentral sulcus, the course of which is, 
iiowever, here usually interrupted by a well-marked annectent gyrus. The inferior 
frontal sulcus separates it from the third gyrus. It is also often subdivided by a 
longitudinally coursing sulcus (midfrontal suicua) into two parts, an upper or lower, 
which are sometimes described as distinct convolutions. 

The third frontal gyma (/",), the smallest of the three, is curved around both 
the anterior and the ascending limbs of the Sylvian fissure, which deeply indent the 

Left nde. ^ght side. 



Fig. 106. — Views oi tkr third fbohtal othus or the riort amo it,n HiHisPBiitia or tut sams 

BHAIN. BATUBAL SIZE. FBOH PHOtUOIlAFHS. (R. A. 3.) 

/,, inferior fronUI sulcus ; p.e. inf., lower eai of interior precentral, verj short, and not lettered 
OB tbe left uds, und continuoas on the rigbt side with, d, diagonal sulone (on the left side d joins /,) ; 
p.c. ir, transTerse precentral ; Si/.a, aaterior limb of Sylvian Gssnre ; x, mmnB sscendeoB, y, ramus 
faoriiontalis ; a, poMerior part at third froDtal (divided by the disgonal sulcus int« two parts, viz., pais 
Iwiilarii behind, and pars asceadens in front) ; b, middle part of third frontal or pais triangularis, 
portly subdivided on Uie left aide by secondarr sulci ; c, orbital part of third frontal. 

gyrus, and subdivide it into three parts, anterior (pais orbitalis), middle (pars trian- ' 
gularis), and poslerun- (pars basiloris). It is more developed on the left side of the 
brain than on the right— correspondingly with the localization of the speech-centre 
on the left side (Broca). This increased development chiefly affects the triangular 
middle part which lies between the anterior and ascending limbs of the Sylvian 
fissure (" cap " of Broca). When well developed, the triangular part entirely separates 
these two limbs (fig. 106, left aide), when less marked, they are confluent below (fig, 
106, right side); if the triangular part is absent they are entirely conflueDt (see also 
fig. 104 and p. 142). This inferior frontal gyrus is connected at its lower and 
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poBt^or end by an annectent gyrus with the lower end of the precentral, while at 
jtB anterior end it passes round to the orbital surface of the lobe. 

This gjruB is usually regarded as being bounded posteriorly by the inferior 
precentral sulcus, but it ia, for many reasons, more convenient to regard the trans- 
verse precentral as the posterior limit. 

It ia oocasionall; iubdivided into two by a lon^tndiiutl snloiu oonoentrio with the Inferior 
frontal (Qiacomiiii). 

The para builiuns ia Eubdivided into two parte (anterior and poaterior diTiuona) b; an 
obliqna fiaavue, the tulcat diagonalU of Ebentaller (figa. 101,106, d). Tiai ia WiUtMy diatimct, 
bnt aometimea joina the inferior precentral (fiff. 106, right dde), the inferior frontal (fig, lOG, 
left xide), or even the Sylrian fiwure. The laat ia the csae in fig. 101. Tha para triangnlaria 
ia also often acoced by aecondary anlci (figs. 101, 106). 

Acooiding to moat modem authorities the third frontal gyroa ia almost orqnite mdimeDtarjr 
in bU primatea excepting: man. Cunning'ham points otit, however, that althong'h it is trne 

that the opercnlar part of this convolution is not present ir "■- " "- ■" — 

not apply to tho non-opercnlar part, and he b"l!?y"~ "—'■ "■ 

Fig. lor.— BEiiB or Mi- 
cioqcK UoHKKi. Natuial 
size. (E. A. S.) 
Sulci. — A.-ip, "AfTsD- 
Spaltc;" i.'^, intrapnrietal ; 
i.-p.f, superior part of iiitia- 
pariebil ; So., Rolwidic ; 
5y.ji, Sjlvian, posterior limb ; 
/,,aQpi!riorirontal; *.r.,Biil- 
(HI3 rectus (inferiDr fmtiUI]; 
Ji.e.i, prccenual inferior; 
■fi.e.i.a., ita auterior ismas; 
p.c, tr,, tranaverae precen- 
tral ; t„ parallel. 

regarded by ntoataathoritieaaanot represented in the apes, is, in f act, repreaented in tlieni by tJie 
well-marhed aagittal furrow {tuleut rectia qvadrumanurum, fig, 107, *.7-.) which nms forward* 
from near the antrle of the inferior precentral sulcus t« the apex of the hemisphere. This view, 
nhioh was that taken by Oratiolet (Memoirs but les plia c£r£braui de I'homme et des primates, 
1864), gives a well-developed third frontal gyrus to the ape brain, whereas if the sulona in 
qaestion be rcsarded as the superior frontal (Schwalbe, Mingazzini), or as the aulcoa frontalis 
medins (Eberstaller, Herv£) of the haman brain, the stilcus frontalis inferior must be absent 
in the ape, or at most represented by a amall fronto-orbital solcoa which ia aometimes 
present at the lowermost limit of the lobe (see fig. 107). But the superior frontal aulcua of 
man is represented in the monkey by one or more deep indentationa of the oort«i lying in a 
aagittal line near the margin and sometimes partly confluent (fig. 107,/,), and in some apes 
there is also a distinct mid-frontal sulcus besides the aulous rectus : moreover, the study of 
the development of the inferior frontal snlcus in man is also in favour of Qratiolet's view. 
For a full discnssion of this qaestion the student is referred to Prof. D. J. Cunningham's 
memoir, " The Surface Anatomy of the Primate Cerebnmi," Dublin, 1S92. 

The uitarior central, preoantral, or ajwmiding frontal gjmm (fig. 101, 
A.F.) lies between the fisanre of Rolando and the precentral sulcus, and extends from 
the superior mai^n of the hemisphere (where it is continuona with the posterior 
part of the marginal gyrus on the mesial surface) to the Sylvian fissure. It is 
narrowest in the middle, enlarging somewhat above and below. It is usually con- 
nected, as just mentioned, with each of the three longitudinal frontal convolutions 
by an annectent gyrus, the precentral sulcus being thereby considerably interrupted. 
There is a similar connection by a curved annectent gyrus below the fissure of 
Rolando, with the ascending parietal convolution. 

Sulci akd Gvri of the Mesial Sitepace. — On the mesial surface of the 
hemisphere there is only one convolution which is considered to belong to the frontal 
lobe, viz., the marginal gymi (tig. 10-2,/*,). This, as above explained, is continnous 
over the upper border with the superior longitudinal of the external surface. It is 
separated ft'om the callosal or fornicate gyrus of the limbio lobe by the calloso-marginal 
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fissure, and is partially interrapted by the ascending branches of that fissure. Besides 
these, there is often, but not constantly, a sagittal fissure running along the middle of 
the convolution. This fissure (sulcus frontalis mesialis s. margmalis) subdivides the 
middle of the gyrus into superior and inferior parts. The antero-inferior part of 
the marginal gyrus is marked by two or three sulci which are curved concentrically 
with the prelimbic part of the calloso-marginal sulcus. These have been termed by 
EberstaLer the rostral sulci (supra-orbital of Broca) (fig. 102, ro., ro. inf.) Ifelow 
the genu of the caJlosum the marginal gyrus is continuous with the limbic lobe 
by one or more hiosA fronto-limbic annecient gyri. Other annectents are found 
between the several parts of the calloso-marginal sulcus, when this is subdivided ; 
when it is not subdivided they are concealed in its depth. At its posterior end the 
marginal gyrus becomes continuous with the two central gyri on either side of the 
upper extremity of the fissure of Rolando. But this posterior part of the marginal 
gyrus is nearly cut off fi'om the rest of the gyrus by the anterior ascending part of the 
paracentral sulcus, and is distinguished as the paracentral or oval lobule (fig. 102). 

Sulci and Oybi of the Orbital Surface. — ^The orbital sulcus (H-shaped 
sulcus, triradiate sulcus) is a complex of sulci, which extends over the greater part 
of the flattened orbital surface of the frontal lobe. It consists of a posterior part 
(sulcus orbifalis transversus of Weisbach, fig. 108, o.tr), which curves round from near 
the anterior Sylvian fissure laterally, in an arch convex forwards, to end mesially 
near the lateral root of the olfactory tract ; and of three or four sulci having a 
general sagittal direction (sulci orhitales sagiitales), and usually communicating 
]M)steriorly with the transverse orbital. These sagittal sulci vary greatly in their 
number and extent, and in the number and direction of the secondary and tertiary 
sulci, which come off from them, and they frequently produce, mth the transverse 
sulcus, the figure of an H, E or X. Weisbach has endeavoured to connect these 
variatipns with racial and sexual differences, but there does not seem to be any 
foundation for such connexion, and in fact (as is well shown in fig. 108), two 
entirely different types may be found on opposite hemispheres of the same brain. 

Three convolutions are described as lying in front of the transverse orbital 
sulcus, named, according to their position, the inner, middle, and enter orbital 
gyri. The last of these is continuous at the side with the inferior frontal, the first 
and second are the continuations of the superior and middle frontal convolutions. 

On the inner gyrus is seen the olfactory snlcns (s,olf) in which the olfactory 
tract and bulb lie. It has a straight course nearly parallel with the great longitudinal 
fissure, but somewhat inclining towards it. The part of the inner gyrus between 
the olfactory sulcus and the mesial border is sometimes known as the gyrus rectus (R), 
Behind the transverse orbital sulcus, between it and the anterior limiting sulcus of 
the insula, is a fourth gyrus, the posterior orbital, which is also continuous with 
the inferior frontal. 

The oontinnity of the oonyolutions of the external with those of the orbital surface is often 
interrapted by a sulcas which crosses their direction, extending across the front of the lobe 
from the anterior end of the Sylvian (sulcus fronto-orbi talis j Giacomini ; franto-fuurginalii ' 
lateralis^ Eberstaller). 

FABIBTAIj IiOBE. — This lobe lies behind the frontal, in front of the occipital, 
and above the temporal lobe. It is bounded in front by the fissure of Rolando, 
behind by the parieto-occipital and anterior occipital fissures (p. 152), laterally and 
below by the posterior limb of the fissure of Sylvius as far as this preserves its 
liorisontal direction, and then by a line connecting this with the lower end of the 
anterior occipital, but it is here freely continuous with the t^emporal lobCr Above 
and mesially it extends within the great longitudinal fissure and appears on the 
mesial side of the hemisphere, as the quadrate lobule. 

Sulci axd Gyri of the Parietal Lobe. — The intraparietal snlciui 
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(Turner) (fig. 101) arches through the parietal lobe, oommencing in its anterior 
inferior angle^ where it is sometimes, though rarely, continued into the fissure of 
Sylvius. It ascends at first paraUel to the fissure of Bolando (pars ascendens 
inferior s. posfcentraUs inferior), and then turns backwards horizontally to the back 
of the lobe {pars horizontalis s. posterior), extending nearly to the termination of 
the parieto-occipital fissure, past which it is continued {pars occipitalis^ paroccipital of 
Wilder) to join the anterior occipital. Its horizontal portion divides the parietal lobe 
into two parts, the superior and inferior parietal lobules, and it is frequently bridged 
across by annectent convolutions connecting those lobules. One or two well-marked 
rami pass into the superior parietal lobule from the upper side of the pars horizon- 
talis, and as many shallow sulci extend from its lower concave side into the inferior 
parietal lobule. 

Above the pars ascendens inferior and often separated from it by an annectent 
gyrus connecting the superior parietal lobule with the ascending parietal gyrus is a 
short vertical fissure {postcentralis superior), which is termed by Cunningham the 
pars ascendens superior, since in a large number of instances it is directly continuous 
with the pars ascendens inferior (the bridging gyrus being then absent), and the 
two conjoined parts then constitute a sulcus which runs parallel to the fissure of 
Bolnndo, and is termed the postcentral sulcus (Ecker). 

Although the oondition with a detached pars ascendens superior is to be regarded as t3rpical 
of this salons as shown both by its occurrence in most of the Quadrumana and the course of 
its development in the human embryo, it is by no means the most common in the adult 
human brain, the most usual condition being that here figured (fig. 101) in which there is a 
complete postcentral sulcus from which the horizontal arm passes off backwards at an oblique 
angle towards the occipital lobe, although generally interrupted near the anterior limit of that 
lobe by an annectent gyrus. An arrangement of this character was met with by Cunningham 
in 56 p. c. of his cases. In 16 p. c. a more or less complete postcentral sulcus was present, 
and was cut off from the horizontal part of the fissure by an annectent gyrus. Occasionally 
the postcentral sulcus communicates above, and sometimes also below, with the fissure of 
Rolando. Three deep annectent gyri partially interrupt the horizontal part of this fissure and 
join the superior and inferior parietal lobules (Eberstaller) ; these have been supposed to be 
a human characteristic, but they occur in the Chimpanzee and occasionally in the Baboon 
(Cunningham). 

In rare oases the pars ascendens inferior of this fissure is cutoff from the pars horizontal's, 
and the latter is continuous with the pars ascendens superior alone. In other and also rare 
instances aU the parts of the fissure are separated from one another by bridging convolutions, 
BO that the fissure appears as four distinct parts, viz., the two portions of the postcentral 
sulcus (lower and upper), the pars horizontalis and the pars occipitalis. 

The occipital continuation of the intraparietal fissure is sometimes separated from the 
rest of the fissure (paroccipital Jiswre of Wilder). It usually terminates posteriorly by 
joining a sulcus which is nearly vertical to its direction, the fmlcus traiuversu^ oeeipitalU of 
Ecker (tftleus oeeipitalU anterior^ fi?. 101). This will be further noticed in connection with 
the occipital lobe. In the monkey's brain the occipital termination is concealed within the 
deep cleft (Affenspalte) formed by the occipital operculum. 

Below the postcentral sulcus and cutting into the margin of the fronto-pnrietal ox>erculiun, 
is a small oblique sulcus («. rrtro-centraliJt transversiit of Eberstaller) (fig. 101, rte. t7\). This 
sometimes serves to prolong the intraparietal fissure into the fissure of Sylvius. 

The intraparietal fissure is usually developed in the foetus in four segments (Cunningham), 
which appear in the following order, viz., inferior postcentral, horizontal, occipital, and 
superior posteentral. It is better developed, i.^., more contiuuous and deeper, in apes than in 
man; but the superior postcentral part is either not developed or is rudimentary in them 
(fig. 107). The so-called horizontal part is not truly horizontal, but has an upward inclination 
which is more marked in the male human brain than in the female. 

The posterior central, postcentral, or ascending parietal conTolntion 

(fig. 101, A.F.) h'es behind the fissure of Rolando, between this and the postcentral 
sulcus, and parallel to the ascending frontal convolution, with which it is usually 
continuous below the fissure of Rolando. Above, it ic connected by a broad annec- 
tent gyrus with the superior parietal convolution, and is continued on to the mesial 
surface by a narrow annectent which unites it with the posterior part of the marginal 
gyrus (paracentral lobule). 
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The superior parietal convolution or superior parietal lobule (fig. 101) 
18 that part of the parietal lobe which lies above the pars horizon talis of the intra- 
parietal sulcus, and behind the upper part of the last described convolution, from 
which it is imperfectly separated by the upper part of the postcentral sulcus. Its 
posterior limit is the boundary of the parietal lobe, viz., the parieto-occipibal fissure, 
round the extremity of which an annectent convolution connects this lobule with 
the occipital lobe (ypper parieto-ocdpital annectent gyrus). The superior parietal is 
continuous on the mesial surface of the hemisphere with the quadrate lobule. It is 
often deeply cut into by an ascending branch of the intraparietal sulcus. 

The quadrate lobule (precuneus, fig. 102) is the part of the parietal lobe which 
is seen on the mesial surface of the hemisphere. It is bounde 1 in front by the 
posterior limb of the paracentral fissure, and behind by the parieto-occipital fissure, 
and is incompletely separated from the posterior portion of the limbic lobe by the 
postlimbic fissure. Its surface is indented by one or two furrows which cut the 
margin of the hemisphere, and extend a variable distance over the surface of the 
lobule (precuneate svlci). 

The inferior parietal lobule is embraced within the curve of the intraparietal 
sulcus. It is bounded behind by the lower limb of the anterior occipital fissure. It 
is divided into three gyri, viz. : the supramarginal, the angular, and the postparietal 
(fig. 101). The supramarginal convolution lies behind and below the anterior 
part of the intraparietal sulcus, beneath the lower end of which it is continuous with 
the ascending parietal convolution. It arches round the uptumed extremity of the 
fissure of Sylvius, to become continuous with the superior temporal convolution 
below, and with the angular behind. The angular gyrus, connected in front with 
the supramarginal, bends over the end of the pai'allel (fii*st temporal) sulcus, and is 
continued below into the first and second temporal gyri. Behind, it is separated 
from the postparietal gyrus by a shallow vertical sulcus, which may be absent. The 
postparietal gyrus curves round the uptumed end of the second temporal sulcus. 
(In the brain figured this appears like a continuation of the first temporal sulcus.) 
It is continued below into the second and third temporal gyri. 

OCCrPITAIj LOBE. — This lobe is very well marked off in Quadrumana by 
the deep cleft (Affenspalte) before mentioned (p. 144) ; but in man the line of 
demarcation between it and the adjacent parietal and temporal lobes is less distinct. 
It is relatively much larger in Quadrumana, especially in the lower monkeys, than 
in mnn. 

The lobe is of pyramidal shape, lying behind the parietal and temporal lobes. 
In the adult its length, as compared with that of the whole hemisphere, is about as 
21 to 100 (occipital index, Cunningham). It has two free surfaces, an external or 
lateral, and a mesial. It occupies the superior fossa of the occipital bone. On the 
external surface it is bounded in front by the parieto-occipital fissure, by the anterior 
occipital sulcus, and by a line connecting the lower end of this sulcus with the 
popterior extremity of the calcarine fissure. The line in question mainly corresponds 
with a horizontally-directed sulcus, which is termed by Eberstaller the lateral ocdpital : 
this sulcus may tlierefore be regarded as the lower boundaiy of the occipital lobe on 
the lateral surface. On the mesial surface of the hemisphere the lobe is marked off 
by the parieto-occipital fissure from the quadrate lobule, and by the posterior calcarine 
from the temporal lobe (fig. 102). 

In asf^igning the above limits to the occipital lobe I have followed Eberstaller, and have 
departed from the usual description which includes in the lobe all the parts behind the plane 
of the parieto-occipital fissure, and therefore the posterior parts of the parietal and temporal 
lobes as here described. It seems to me, however, that Eberstaller*s definition, although it 
confines the occipital lobe in man to relatively small limits, has the advantage of assiij^ng 
well-marked anatomical boundaries to it and to the adjacent lobes, thus rendering a descrip- 
tion of this part of the brain more easy. 
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External Surface. — The bounding sulci of the external surface of the occipital 
lobe are, as we have seen, the external part of the parieto-occipital, the anterior 
occipital, and the lateral occipital. The parieto-occipital has already been described 
(p. 143). The anterior occipital sulcus (transverse occipital of Ecker) is a 
transverse furrow, which is laid down as a distinct sulcus in the foetus, but is later 
almost invariably joined by the horizctotal part of the intraparietal, of which it 
then appears to be the bifurcated posterior end (p. 150). In Qnadrumana it is 
concealed by the occipital operculum, but on drawing this aside it may still be seen 
at the bottom of the " Affenspalte.^' It approaches the mesial border of the hemi- 
sphere above, behind the parieto-occipital fissure, from which it is separated by an 
annectent gyrus which joins the occipital lobe with the superior parietal lobule. 
Its lower end, which is often curved forwards, is usually separated from the lateral 
occipital by the inferior parieto-occipital annectent gyrus uniting the occipital 
lobe with the postparietal gyrus. In the brain figured (fig. 101), this second 
occipito-parietal annectent lies deeply, and the two fissures are superficially 
joined. 

The lateral occipital sulcus runs somewhat obliquely upwards and back- 
wards from a short distance below and in front of the lower end of the anterior 
occipital towards the occipital pole of the hemisphere. But before reaching the 
pole it generally bifurcates in a Y, one branch curving upwards into the occipital 
lobe, the other downwards towards the posterior end of the calcarine ; it may be 
embraced by the bifid extremity of the latter. Around its end a lateral occipiio- 
temporal annectent gyrus curves, uniting the occipital lobe with the third temporal 
gyrus. Within the limits of the occipital lobe as here defined there are usually two 
or three small sulci of varying extent. These are, however, not constant enough in 
position and direction to serve for marking out this surface into distinct gyri. 

The external surface has nsaaUj been described (e.g,j in previous editions of this work) as 
hayini^ three gyri, a tuperiovy middle and inferior. But this description does certainly not hold 
good for most brains, and if any division is to be made it must be into anterior (between the 
anterior occipital sulcus and the upturned end of the lateral oooipital) and posterior (behind 
the upturned end of the lateral occipital). 

Mesial Subface. — ^The mesial surface of the occipital lobe is occupied by a 
well-marked gyrus termed the cuneate lobule (cnnens) (fig. 102). This is of a 
triangular shape, and is bounded in front by the parieto-occipital fissure, and below 
by the calcarine, while above and behind it reaches the margin of the hemisphere 
and is continuous with the external surface. It is indented by two or three shallow 
vertical sulci. 

The parieto-occipital and calcarine fissures which bound the mesial surface have 
already been described, as well as the deep annectent gyri which pass across them 
and connect the cuneus with the adjacent lobes (see p. 144). 

The superior longitudinal venous sinus in passing downwards causes an impression on the 
inner side of the occipital pole of the hemisphere (Bastian). This impression is generally 
found on the right side, but sometimes on the left. 

According to the usual description, which has been followed in previous editions of this 
work, the occipital lobe has a tentorial surface, comprising the linp^ual gyrus and posterior 
part of the occipito-temporal gyrus (fusiform lobule), which run in a sagittal direction, and 
are separated from one another by the posterior end of the collateral fissure But by confining 
the occipital lobe to the limits above assigned, these gyri and sulci become enbii*ely included 
in the temporal lobe, along with which they will accordingly be described. 

TEMFOBAIj liOBE. — The temporal or temporo-sphenoidal lobe is bounded 
above for two-thirds of its length at first by the stem and afterwards by the 
posterior limb of the fissure of Sylvius, which separates it from the frontal and part 
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of the parietal. Behind and above it is continnoas with part of the parietal lobe. 
Behind, it is separated irom the occipital lobe by the lateral occipital sulcns. It is 
somewhat pyramidal in shape, having three surfaces, viz., lateral, superior and 
inferior, the superior concealed within the fissure of Sylvius. The under surface 
adjoins the limbic lobe, being separated from the hippocampal gyrus of that lobe by 
the collateral fissure. The rounded apex of the pyramid is free, is directed forwards, 
and lies underneath the orbital surface of the frontal lobe, from which it is separated 
by the broad commencement of the Sylvian fissure. 

Gyri and Sulci of the Upper Surface. — The upper surface of this lobe, 
directed towards the insula and fronto-parietal operculum, is marked by two or three 
tranvirerse temporal gyri (Heschl). On the nearly smooth part of the surface in 
front of these are three short gyri (m, fig. 108) separated by shallow sulci, which are 
directed from the gyrus longus insulse towards the tip of the temporal lobe. 

Sulci and Gyri of the Lateral and Under Surfaces. — On these surfaces 
there are four sulci with an antero-posterior direction. The first or superior 
temporal sulous, also termed from its relation to the Sylvian fissure the parallel 
fissure (fig. 101, /i), is an important furrow, appearing in the sixth month, and being 
constant in the Primates. In many monkeys it is more extensive than in man, 
nearly reaching the parieto-occipital fissure at the margin of the hemisphere. The 
angular gyrus curves round its extremity. Both this and the second temporal turn 
upwards as they pass back. The upturned extremity of the second sulcus may 
appear as a continuation of the parallel, as in the brain here figured (fig. 101). The 
fissure is sometimes interrupted by a small gyrus connecting the convolutions above 
and below it. The second temporal sulcus (^) runs parallel to and below the 
last, but is less constant in extent and direction. It is often interrupted by one or 
more vertical connecting gyri. The postparietal gyrus curves round its extremity. 
The third temporal sulcus ( 4) is seen on the under surface of the lobe, extending 
behind nearly to the occipital pole. It is often interrupted near its anterior and 
posterior ends, and sometimes also about the middle by annectent gyri. In front it 
generally fails to reach the extremity of the lobe, which forms a smooth '* j)ole ^^ from 
which most of the sulci diverge. A fourth temporal sulcus (^4) is formed by 
the collateral fissure, which has already been noticed (p. 145) (figs. 101, 103). 

On the lateral surface of the lobe three convolutions can usually be distinguished* 
The first or superior temporal gyrus (fig. 101, F^) bounds the posterior limb of 
the Sylvian fissure below, and is continuous behind with the supramarginal and to a 
less extent with the angular convolution of the parietal lobe. The second temporal 
gyrus (T,) is continuous with the angular and postparietal gyri. The third 
temporal gsrrus (T,) is continuous with the occipital lobe by the annectent gyrus 
which passes between the calcarine and lateral occipital sulci. On the under surface 
of the lobe is the fourth temporal gyrus, lying between the third temporal 
sulcus and the collateral fissure. The second and third gyri are convolutions of 
some thickness, and are a good deal interrupted by transverse and oblique secondary 
sulci. The fourth^ which was formerly known as the first occipi to-temporal, is 
narrower, and more sharply marked off by its bounding sulci. Its pcsterior part, 
which has been termed the fusiform lobule, is usually described as belonging to the 
occipital lobe (see previous page). Lastly, between the posterior part of the collateral 
and the calcarine fissure is a fifth temporal gyrus, which was termed by Huschke 
the Ungual lobule, but it is better termed infracalcarine gyrus {subcakarine gyrus of 
"Wilder). This is continuous in front with the hippocampal gyrus of the limbic 
lobe (see below). It is joined by two deep annectent gyri, which pass across the 
posterior calcarine fissure, connecting this gyrus with the cuneus (fig. 102, 2 and 3). 

The temporal lobe lies in the middle fossa of the skull, and its pi sterior part 
overlies the tentorium. 
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THE nw-wT -RAT. LOBE OK ISLAND OF BEIL. — This lobe is entirely 
concealed in the adult human brain vithin the liasure of Sylvius, the margins of 
which fonn opercnla (see p. 142) ivhich overlap the lobe. The central lobe corre- 
Eponds with the corpus Btriatum on the interior of the hcmiBphere (fig. 88), and 
probably in condequence of it« close connection with this mass of grey matter, which 
appears early as a thickening of the lateral wall of the vesicle of the cerebral hemi- 
sphere (vide Embryology, Vol. I., p. 69), this particular part of the hemisphere does 
not keep pace with the geueral expansion which the liemisp here -vesicles undergo, 
and hence in consequence of that expansion it becomes overlapped and concealed ljy 
the rest of the hemispliere. On acconnt of this early fixation and the closd topo- 
graphical relation between it and the largest of the basal ganglia, the central lube 
(along with the basal ganglia and the continuation of the pednncles between thciu) 
is frequently spoken of as the stem (German, SlammUml) of the hemisphere, the 
remainder of the cerebrum, which covers it in, being known collectively as the mantle. 

To see the island it is necessary to cut aw«y the opercula (fig. 108). It then 
appears as a' tiiangular surface somewhat bulged outwards, the base of the triangle 



I.e., <u]«uB centralis inmlK ; 
' 1, 2, 3, gyri brcvee ; 4, 5, grros 
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being directed upwards and the apex being at the vallecula Sjlvii. This surface is 
marked oat by shallow bqIci, which have a fan-like arrangement converging from the 
base towards the apei of the triangle, into several straight gyri having a similar con- 
vergent course. One of these sulci, which is deeper and appears earlier than the rest, 
and is also more constant in lower Primates, has been termed the nlcu csatralis 
iiunlsa (Gnldberg) (fig. 108, s.c), and this serves to subdivide the lobe into two 
parts, apreceniral and postcentral lobule. Since the line of direction of this sulcus 
nearly corresponds with that of the fissure of Rolando in the mantle, the pre- and 
post-central parts of the island similarly correspond to the frontal and parieto- 
t«mpora] lobes of the mantle; and they are in fact in continuity with the parts 
of those lobes which form the opercula. The island is, however, separated from 
these adjacent parts by a sulcus (»nlci« ii».iti"if iii«til») which almost entirely 
surrounds it. and which is itself fonned of an anterior, a superior, and a posterior 
part (fig. 108). The anterior and posterior parts of the limiting sulcus are, 
however, deficient near the apex of the lobe, so that there here occura a direct 
continuity (by a small convolution, the gyms tramversus insula of Eberstaller) 
between the orbital part of the third frontal convolution as it dips round the margin 
of the Sylvian fossa, and the precentral lobnle on the one hand, and between the 
limbic lobe and the extremity of the postcentral lobule on the other hand. 
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The preoentral lobule of the insula is formed of a few ehort conyolntions Qiyri hreve$) 
(fig. 108, 1| 2, 3) oonverging from the base of the triangle bnt falling short of the apex of the lobule, 
which is smooth and forms a slight prominence (^pole of the uland^ p). These convergent gyri 
are nsoally three in number (anterior, middle, and posterior), being subdivided in this manner 
by seoondary and somewhat shallow sulci, having the same direction. The most marked of 
these sulci lies between the middle and posterior gyri breves, and has been named ,aulcu9 pre- 
centralis innUa, A fourth small gyrus is described by Eberstaller as lying deeply underneath 
the orbital operculum. This he has termed the ffyrus brevu accessorius. This accessory gyrus, 
and usually also the anterior of the three gyri breves, look forwards, lying upon an anterior 
tur/aee of the insula, which is sometimes nearly at a right angle with the lateral or general 
surface, in other brains hardly marked off from it. Its grey matter is continued over the 
anterior limiting sulcus into that of the posterior orbital gyrus. The grey matter of the rest 
of the preoentral lobule is continuous superiorly with that of the frontal lobe, inf eriorly with 
that of the anterior perforated space. The inferior transitional part has been termed the 
threshold of the island Uimen insula , Schwalbe). 

The postcentral lobule {gyrus Umgus insvUr of Giaoomini (fig. 108, 4, 5) ) is also often 
subdivided at its upper end by a longitudinal furrow (sulcus posteentralis insula) into two parts, 
anterior and posterior. Its grey matter is continuous below with the tip of the hippocampal 
gyrus, laterally with that of the first temporal gyrus, above and posteriorly over the limiting 
sulci with the grey matter of the parietal and temporal opei-cula. 

The three principal furrows of the insula (sulcus centralis, s. precentralis, and s. post- 
eentralis insulie), which radiate from the vallecula Sylvii, have been compared with the three 
similarly radiating fissures of the mantle, viz., the fissure of Bolando, the preoentral fissure, 
and the intraparietal fissure. They are not, however, directly continuous with those, being 
arrested at the sulcus limitans insulse. Sometimes the fissure of Rolando is continued by a 
small sulcus (transverse preoentral) almost into the s. centralis insulie. Below and anteriorly 
the sulcus centralis insulsB comes into close relationship with the extremity of the calloso- 
marginal sulcus. 

IjIMBIC IiOBE. — The callosal gyrus, with its contiuaation the hippocampal 
gyrus, were separated by Broca, on morphological grounds, from the other parts 
of the hemisphere, as a distinct lobe, intimately united in front and below 
with the olfactory lobe ; and the name of grande lobe Umbique was given by 
him to these combined lobes. To this lobe of Broca, Schwalbe added the other 
central parts of the mesial wall of the hemisphere, viz., the lamina sepii lucidi and 
the dentate convolution, as well as the fornix ; looking upon these as representing 
an inner encircling convolution concentric with the gyrus fomicatus and uncinatus, 
and naming the whole lobe thus reconstituted, the '' falciform lobe,'' the olfactory 
lobe being, however, excluded. 

To the parts included by Schwalbe there must now be added a rudimentnry 
supracallosal gyrus (represented in man principally by the longitudinal striss of 
the corpus callosum), which is continuous with the dentate convolution posteriorly, 
and with the rudimentary gyrus geniculi (see p. 1 58) anteriorly. The lobe must 
further include the peduncles of the corpus callosum (see p. 127), which appear to 
represent a rudimentary gyrus {gyrus subcallosus, Zuckerkandl), and also another 
rudimentary gyrus underneath the corpus callosum, partly imbedded in and 
intimately connected with the fornix, to which the name of gyrus infracallosus or 
gyrus fomicis may be applied. 

As thus constituted the limbic lobe is bounded circumferentially mainly by two 
important fissures, the calloso-marginal above, and the anterior part of the collateral 
below, while the less constant postlimbic sulcus separates it behind from the 
parietal lobule, and the anterior end of the calcarine cuts into it just below the 
splenium. 

The circumferential boundary is least distinct opposite the quadrate lobule, from which it 
is only separated by the small postlimbic sulcus, which in man is only occasionally continued 
into the oalloso-margfinal. But in many animals the fissure which forms the external boundary 
is uninterrupted or nearly so, and forms the limbic fissure of Broca. This might perhaps 
more appropriately be termed the trntcr limbic fissure, since the callosal sulcus and the 
hippocampal fissure form together a second crescentic fissure within the limbic lobe, which 
may be distinguished as the inner limbic Jissin-e. The internal limit of the lobe is formed by 
the JUsura ohoroidea (Schwalbe), through which the choroid plexus is invaginated into tha 
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Uteml ventrfcle. The lobe is pierced b; the gteM oommisBure of Uie hemiipheres (the ootpoB 
caJlosnm) and also b; the anterior oonuniasnre. It is coauected b; amiGoteiit gya with the 
lingual Kynia of the temporal lobe (tee p. 1&3), with the cuneos (^ tlie occipital tobe (bj a 
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STTas bidden within the internal parieto-occipital Siisure). with the qoadiate lobule, with the 
orbital part of the frontal lobe, with the anterior part of the temporal lobe, and with the post- 
central lobnla of the immla. 

Each end of thie crencentio lobe ia connected with one of the roots of the olfactory tract 
Til., the commencement of the f^TruB fomicatuB with the mesial root and the termination of 
the hippocampal gjiae with the lateral root. 

COKVOLUTIONS AND FlSSURES IN THE LlMBIC LOBE (fig. 102), — QyTU filnu- 

oatns, gynu cingnli, oaUosal ffynu. This is nii extensive convolution which 
lies between the maqrinal gyms of the frontal lobe snd the quadrate lobule of the 
parietal lobe above and the curpua calloBum bebw. The convolution sweeps round 
the corpus eallosum, beginning belotr itn rostrum, where it abnts on the snbcalloeal 
gyrns, and ending a little below the level of the splcnium by becoming continaooB 
with the posterior end of the hippocampal gyms. Where it passes into that gjrns 
it is much nflirowed (isthmus).' It is separated from the corpus calloanni by a figure 
which is termed the mllosal sukut. 

The hippocampal gjruM (sulriculum fomu ammonk), also known, together 
with the iufracalcarine, as tlie uncinate gyms, is continued from the isthmus of 
the callosal convolution, and passes foi'Wflrds above the anterior part of the collateral 
fissure towards the apex of tlie temporal lobe (figs, 102, 103). It ends Itefore 
reaching this, however, becoming consideriibly thickened, and forming a recorved 
projection which looks buckwanls and inwards, and is known as the uncus. The 
hippocampal gyrus is covered superficially by a welt-marked reticular layer of white . 
fibres {mbslfmlia reticularis alba, Arnold (fig. 108, s.r.a.)\ 

Thedent«.t«gynui(/(MCTarfentoto7'«nni(fig. 102, fig. HO,/.rf.)) lies above the 
hippocampal gyrus, from which it is separated by the hi/^ocamjmloT denlaiejitture{/.h), 

' By some authors tfae term gyrus fomicstns is made to include the hippocampal grrni. 
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It is a narrow convolation having a pecaliarly toothed or notched appearance at its free 
border, hence the name dentate. Above and overlapping ii is the fimbria, from which 
it is separated enperficiallj hj a shallow sulcus {fimbrio-dentale,f.f.-d), nnrrow in front 



Tig. 110.— DUOBiS OF 1 BICTiaM THBOnSH TH« IKFT HIPPOOmPiL BMIOK (K. A. 8.) 

i.e^ bani cerebri ; tr., tractns Dpti<»iB ; n. o,, nucleas cantlMiu ; /. ch., 6isara choroids ■ /., 
fimbria ; f.f.-d., fi«ar» Gmbrio-dsntata ; / d., fascia dantota, /. h., fiuura hippocampi ; ft, bippo- 
caapoa major ; a., alTsoi ; e. cM., smineatia oollatersJii ; c. i., eornu inferiiu Tentricnli ; Jf, gyrui 
hippocamtn ; n., its medoUaiy ceobe ; a.r.a,, sabalantta leticuliuii alba ; /. cell., fieaura eollateralia. 

but broadening ont behind, where it forms 
a triangular depression below the splenium 
of the callosum. The gyrnsdentatus begins 
posteriorly just behind and above the 
spieninm by a fine curved lamina (laaciola 
cinerea), which is continuous with the 
longitudinal strise (both lateral and mesial) 
of the corpus callosum (p. 127). From 

here it bends downwards, lying along the Fig. 111.— Hit-rocAHPAL anm mo fmou 
isthmus of the gyrus fomicatus and then mhtiti, bhowiks tbk odictinditt o? thb 

along the upper border of the hippocainpal piasmo ovib thi ohcds. (TertuO™""' 

■ gyrus i here the posterior pillar of the 
fornix passes to its upper border in continuity with the fimbria (see p. 130). An- 
teriorly it is continued into the cleft between the hippocampal gyrus and its uncus, 
where it becomes lost to view. But if this cleft be opened out (fig. Ill) the dentate 
gyrus is seen to exhibit a sharp curve within it, and in continuity with the curved 
end a greyish band emerges from the cleft and passes transversely over the uncus 
to disappear on the ventricular surface of that gyrus (Luschka, Giacomini). 
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and seoondarilj convoluted gyros dentatns which coveis the under sorfaoe of the spleniom in 
some mammals (G. Retzius). 

Hidden beneath the posterior part of the callosal gyrus, between this and the subeplenial 
part of the gyrus dentatus, a small projection of the cortex is usually to be found, about 1 cm. 
long and 2 mm. to 4 mm. broad, marked by 1 to 4 semicircular eminences. This has been described 
(by A. Retzius originally, and moi*e recently and fully by Zuckerkandl) under the somewhat 
misleading name of callotal gyrm TBalkenwindung), but is not to be confounded with the 
gyrus cinguli which has long bceL so denominated. It is best developed in osmatlc mammals. 

The fimbria (fig. 102, y^) represents the white matter of the hemisphere, which 
here comes to the surface along the side of the dentate gyms. It is continuous 
with the alvens which covere the hippocampus major within the lateral ventricle, 
and this is continuous with and forms part of the central white matter. The 
fimbria itself, however, appears to be actually formed of fibres which are prolonged 
into it posteriorly from the pillars of the fornix : anteriorly it is continued into the 
white matter of the uncus. In section the fimbria appears as a somewhat club- 
shaped expansion of the alveus, exhibiting a hook-like lateral prolongation (fig. 1 10,/). 
This is the section of a thin lamina {Uznta fimhrvB)^ continuous with the epithelium 
covering the choroid plexuses which here invaginate the ventricular epithelium. 

The only sulcus within the limbic lobe which remains to be described (the 
calloml sulcus and the fimhrio'deniate sulcus having been already noticed) is the 
hippocampal or dentate fissure (fig. 102, h). This begins as a shallow furrow 
just above the posterior end of the splenium corporis callosi, between the iasoiola 
cinerea and the end of the gyrus fornicatus, it then lies between the remainder of 
the dentate gyrus above and the isthmus gyri fornicati and hippocampal gyiUB below, 
and becoming deeper as it passes forwards ends in the bend between the hippocampal 
gyrus and its uncus. This fissure causes the elevation of the hippocampus major 
or cornu Ammonis in the descending horn of the lateral ventricle (fig. 110). 

QyruB fomiolB. — The fornix which has already been in the main described (p. 129) also 
belongs to the limbic lobe as here defined. It contains an association-bundle uniting the 
hippocampus major with the olfactory lobe. This bundle, the olfactory bundls of the comu 
AvmwnU (Zuckerkandl), best developed in osmatio mammals, ia contained within the body of 
the fornix, but leaves the anterior pillar to pass in front of the anterior commissure and then 
to run in the subcallosal gyrus to the vallecula Sylvii Here it divides into two parts, one 
(pars olf actoria) passing by the anterior circumference of the lamina perforata anterior to the 
inner root of the olfactory tract, and the other (pars temporalis) at tiie hinder border of the 
anterior perforated lamina to the point of the hippocami>al gyrus. This is the band which has 
been described (by F. Arnold and Broca) as continuing the peduncle of the corpus caUosum 
with the hippocampal «7yrus. 

In the monkey there is a band of grey matter running along the upper surface of the 
fornix, on each side near the middle line, wedged in between it and the corpus oallosnm. 
This closely resembles the supracallosal gyrus above the callosum (see below), and appears to 
be part of another rudimentary gyrus which may be termed gyrus if^acalUuus, or, including 
certain patches of grey matter which occur here and there in the substance of the fornix, 
gyrus fomieis. 

The oingolum., which also belongs to the limbic lobe, is a tract of association-fibres run- 
ning in the gyrus hippocampi and gyrus fornicatus. The bundle has for the most part a 
longitudinal course within the white matter of these gyri ; but the fibres probably commence 
in the cortex, and since they constantly tend, as the whole bundle courses longitudinally, to 
diverge into the adjacent white matter of the hemispheie, it appears probable that they 
oonnect the hippocampal and callosal gyri with the cortex of the outer surface of the hemi- 
sphere (Beevor). A bundle of fibres having a somewhat similar course in the anterior 
descending part of the gyrus fornicatus is usually described as part of this tract ; but according 
to Beevor it is doubtful if these fibres can be considered to belong to the cingulum ; at all 
events, their continuity with the remainder of that tract could not be traced. 

Gyrus limbictis. — The longitudinal strisB of the corpus callosum (p. 127) belong to a thin 
lamina of grey matter which extends over the surface of the corpus callosum from the lower 
edge of the gyrus fornicatus, and is much better developed in osmatic mammals than in Primates 
(Valentin, Jastrowitz). The striae, together with this grey matter, represent a degenerated con- 
volution {supracallosal gyrus, Zuckerkandl), which is continuous posteriorly with the fasciola 
cinerea, t.<f., with the dentate gyrus. Together with another degenerated gyrus in front, which is 
represented only by the prolongation of the stria medialis (gyrus geniculi of Zuckerkandl) these 
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form a mdimentary gyrus (hordering gyrus, gyrm marginalis,^ Germ. Randwindung), whioh ia 
curved around the brain-stem and the oentral parts of tiiie hemisphere, lying within and concen- 
tric with the larger and well-developed gyrus formed by the fornicate and hippocampal gyri. 
The lamina of the septum lucidum, and the so-called peduncle of the corpus calloeum (gyms 
subcallosus of Zuckerkandl) also belong to this bordering gyrus, but have become separated 
from the snpracallosal part by the development of the corpus callosum ; and the gyrus 
inf racallosus (where this exists) and the fornix and fimbria may also be considered to form 
part of it.* 

OLFACTOBY LOBE. — This lobe (fig. 112) lies at the ventral aspect of the 
frontal lobe. It is rudimentary in man and other Primates, and in the seals, and is 
lacking in Cetacea, bat in all other mammals (osmatlc mammals, Broca), and in 
vertebrates generally, it is well developed and forms a distinct portion of the cerebral 
hemisphere, enclosing an extension of the ventricular cavity. In some mammals 
{B.g,^ horse) this extension remains throughout life in free communication with the 
anterior horn of the lateral ventricle, in others {e.g,^ dog) the communication is lost. 
In the human foetus of from two to four months, it appears as a hollow projection 
of the fore-brain, but as the walls of this projection thicken by the development 
of nervous tissue within them, the cavity becomes gradually obliterated, and is 
ultimately entirely occupied by a mass of neuroglia (central neuroglia of the olfactory 
tract and bulb). Compare Vol. I., pp. 71 and 79. 

Anteriorly the olfactory lobe is connected with the olfactory cells of the olfactory 
mncous membrane, posteriorly it is connected with the two extremities of the limbic 
lobe. 

The olfactory lobe may be described (His) as composed of two parts or lobules, 
an anterior and a posterior. The anterior olfactory lobule comprises (1) the olfactory 
bulb, which rests on the cribriform plate of the ethmoid bone, and receives the fibres 
of the olfactory nerves, which originate in the cells of the olfactory mucous 
membrane, (2) the olfactory tracts which lies in the olfactory sulcus of the frontal 
lobe, and posteriorly bifurcates into two roots, mesial and lateral, which diverge 
as they pass backwards and enclose (3) a space, the trigonum olfactorium, which is 
also known as the middle or grey root of the tract, (4) the area of Broca (His), a 
portion of grey matter lying between the mesial root and the peduncle of the 
corpus callosum, and continuous with the commencement of the callosal gyrus. 
This area is separated from the posterior part of the gyrus rectus of the frontal lobe 
by an oblique sulcus (fissura serotina, His). 

The posterior olfactory lobule is marked off from the anterior by a curved fissure 
(fissura primUy His). It is formed by the portion of brain cortex, which 
appears on the surface at the anterior perforated space, and is bounded mesially 
by the peduncle of the callosum (gyrus subcallosus of Zuckerkandl), anteriorly by the 
fissure just referred to, whilst laterally it is continued into the vallecula Sylvii, 
and is concealed by the temporal lobe which overlaps it. The continuation of the 
lateral root of the olfactory tract courses lateral wards and backwards over the surface, 
as it passes towards the anterior end of the hippocampal gyrus. 

The olfiftctozy bulb (figs. 103, 112) is oval in shape and of a reddish-grey 
colour when viewed from the ventral aspect. It is nearly a centimeter long and 
about a third of this in width ; from its posterior extremity the olfactory tract 
emerges. Its dorsal surface, which is in contact with the frontal lobe, is white and 
is directly prolonged into the tract. This surface presents a longitudinal ridge 
which fits into the anterior end of the sulcus olf actorius of the frontal lobe. 

The olfbotory tra^^t, sometimes erroneously spoken of as the olfactory nerve, is 
a band of white matter, flattened on the ventral aspect but ridged along the dorsal 

1 Not to be confounded with the gyms marginalis on the mesial sur&ce of the frontal lobe (see p. 148). 

* Zuckerkandl describes two bordering gyri, an outer and inner, the oater being formed by the dentate 
gyros, the gyms supracallosus and the gyrus geniculi, and continued into the inner root of the olfactcry 
tract ; the inner by the fimbria, fornix, lamina septi lucidi, and gyrus subcallosus. 
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aspect (where it fits into the olfactory bdIcus), and therefore triangular in section. 
It measures about 2 centimeters in length and 2J millimeters in breadth, being 
narrowest anteriorly where it passes out of the bulb, and broadening posteriorly as it 
bifurcates to form the roots. Aa already stated it encloses a central grey substance 
formed of nenroglia. 

The triffonnm ol&ctorinm and the area of Brooa are in fact parts of one 
and the same area of grey matter which forms the base of the anterior olfactory 
lobule, and is traversed by the roots of the olfactory tract. This area is separated 
from the peduncle of the callosum and the posterior olfactory lobule by the fisaura 
prima, and the mesial root of the olfactory tract in passing over its ventral surface 
subdivides it superficially into its two parts. Of these the area of Broca receives 
many fibres from the mesial root as this passes over the surface, whilst the trigonum 
olfnctorium receives oihers which are directly prolonged into it from the posterior 

flu, oltaotoiy bulb ; T.trtct; Tr.o., 
trigone ; R, roEtmm of oorpiu c&Ilosnm ; 
p, peduncle of corpiu callaram, paasing 
into, G.I, gjryit EubcallaBus (diagoakl 
traot, Broca); Br, BnK*i area; F.p, 
lisBum prima ; F.t, liesura aerotins ; Co, 
position of anterior commiwnre ; L.l, 
lamina teminalia ; OU, optic chiaama ; 
T.o, optic tiact i p-olf, porterior olfactory 
lobule (or anterior perforated ipace) : 
ni.r, moaiaj root ; l.r, lateral root of 
tract. 

end of the tract, and which some- 
times form a distinct middle root 
of the tract. The ultimate des- 
tination of these fibres which pass 
into the trigone is not accurately 
known, but some appear to join 
the anterior commissure and to 
be conducted by this into the 
posterior part of the temporal 
lobe, and others, according to Meynert, may pass across in this commissure to the 
temporal lobe and hippocampal region of the opposite side, an " olfactory chiasma " 
being thereby produced. Ths evidence in favour of this crossed connexion is, 
however, at present insufficient. Fibres from the posterior end of the olfactory 
tract also pass directly into the white matter of the frontal lobe : these have been 
named the upper or dorsal root of the olfactoiy tract (Henle). 

The ouler or lateral root passes as already stated over the outer part of the 
substantia perforata anterior, and becomes lost to view in the depth of the vallecula 
Sylvii. In oamatic mammals it can be traced without difficulty into connection 
with the anterior part of the hippocampal gyrus, and, according to Lnys, with 
the nucleus amygdalee. The inner or mesial root is recurved sharply around the 
posterior limit of Broca's area, and its fibres pass partly into this, partly into the 
callosal gyrus. The olfactory tract has thus a relation to the limbic lobe which has 
been compared to that of the handle of a tennis-racquet to the ring of the blade, the 
two extremities of the curved limbic lobe being continuous respectively with the inner 
and outer roots of the olfactory tract (fig. 109). The combined olfactory and limbic 
lobes may be spoken of collectively as the rhinencephalon -, it is marked off from the 
rest of the hemisphere by the combined calloso-marginal, postlimbic and collateral 
fissures forming together the limbic fissure, and in it« development it varies directly 
with that of the olfactory organ. This co-relation in development applies more 
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especially to the hippocampal convolution, which in many smooth-brained osmatic 
mammals forms a considerable proportion of the hemisphere (lobns hippocampi). 

The term rhinencephalon is limited by Tamer to the olfactory and hippooampal lobes, bnt 
there seems no snfflcient reason for excluding the remainder of the Limbic lobe, the several parts 
of which are all closely inter-related. At the same time it must be pointed out that the 
limbic lobe unquestionably subserves other functions beside that of a central or^an for the 
olfactory sense, since it is present even in those mammals (Delphinidie) which are devoid of 
an olfactory sense, and in which the olfactory lobe proper is entirely absent. The results of 
experiment seem to indicate an association of parts of the limbic lobe with the perception of 
tactile sensations. (Consult on the comparative development of the rhinencephalon and the 
mantle in mammals, " The Ck)nvolutions of the Brain, a Study in Comparative Anatomy," 
by Professor Sir W. Turner, JuurTuil of AnaUtmy^ October, 1890.) 



ON THX YABIATIONB WKEOH OOGUR IN THB DISPOSITION OF THB FISSX7RIBS AND 
OONVOIiUTIONS IN INDIVIDUAIiB OF DIFFBRBNT AQB, SSX, INTBIiliBOTUAIi 
DSVXIiOPMlSNT, AND RAGS. 

Very considerable variations are found in the course and relative development of thn 
fissures and convolutions, and this not only in different individuals, but also on opposite sides 
of the same brain. Even the principal fissures, under which term may be included both those 
which occur as complete folds of the hemisphere-wall (Sylvian, hippocampal, calcarine, 
parieto-occipital, and collateral), and those which are the first to make their appearance (about 
the sixth month of foetal life) as indentations of the smooth surface of the mantle (precentral, 
Bolandic, intraparietal, parallel, olfactory, calloso-marg-inal), are very subject to modifi- 
cation, as may partially be inferred from the detailed accounts which have already been 
fCiven. Although a considerable amount of attention has been paid by several observers 
to these variations, and of late years especially by Fansch, Sernoff, Buschke, Riidinger, 
Giacomini, Eberstaller, and Cunningham, it cannot be considered as proved that there is any 
constant relationship between any of the variations which are found to occur, and either the 
age, sex, occupation, or even the race of the individual. Various attempts have from time to 
time been made to determine in particular a sexual distinction, but it has invariably appeared 
that the inferences which had been drawn from an insufficient number of observations are not 
borne out by a more extended series. It is more probable that certain racial differences may 
ultimately be established when a sufficient number of brains belonging to individuals of 
other than Europsan races shall been carefully examined, but up to the present the materials 
for such comparison have not been abundant enough. In brains of individuals belonging to 
lower races which have been described (Bushmen, Fuegians, Lapps, and others), it has not 
appeared that there is any distinct lack of complexity in the convolutions as compared with 
ordinary European brains, but it is probable that if a large number were to be examined the 
average complexity in such races would be below that of the average European brain. This 
is in fact stated by Parker to be the case for the brain of the negro, but the number examined 
were not sufficient to be considered conclusive. There is apparently, however, more distinct 
evidence to show that complexity of convolution generally goes hand in hand with intellectual 
development of the individual, for in many cases in which the brains of men of known 
intellectual capacity have been examined, the complexity, due partly to the greater develop- 
ment of secondary and tertiary sulci, partly to the more curved course taken by the 
principal sulci, has been decidedly, in some instances extraordinarily, marked. Indeed, 
in some cases a relationship seems to have been apparent between a particular type 
of mental development and a special part of the brain ; thus it was found that the brain 
of the great French orator, Gambetta, showed an especial degree of complexity of the third 
left frontal convolution. In skilled artisans it might be expected that the part of the brain 
which is connected with the voluntary movements of the hands and fingers might be found 
to be especially developed, and in one or two individual cases this has been noticed, but the 
material for a general statement regarding such relationship is insufficient. Benedikt^ from 
the examination of the brains of a large number of individuals belonging to the criminal class, 
was of opinion that there exists amongst these an undue tendency to the formation of four 
antero-posterior convolutions in the frontal lobe, or in other words, an undue tendency to the 
appearance of the paramesial and middle frontal sulci. Although apparently supported by a 
few observations by other anatomists, this supposition has not borne the test of more extended 
observation ; and, indeed, the so-called '^criminal" type was actually less frequent in the 
brains of convicts examined by Giacomini than in those of ordinary persons. 
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ON THB OAUBATION 07 THO GYBI AND BTTIiOZ OF THX BBAIN. 

YarionB explanations have been offered to aocount for the convolnted form of the cortex. 
These are based partly on mechanical considerations, e.g,y the resistance offered by the larger 
blood-vessels and undne growth of the brain as compared with that of its enclosing sknll- 
capsnle, partly on physiological or physiologico-mechanical considerations, which suppose 
that there is a relative increase of functional activity of certain parts as compared with others, 
resulting in an increased growth of those parts, and hence their projection in the form of gyri. 
These theories, however, are quite insufficient to account for the convoluted formation, since 
it can be shown (1) that the blood-vessels for the most part do not correspond with the fissures, 
nor do they lie in the depth of the fissures, when they happen to coincide with them ; (2) 
that the brain does not fill the skull at the time the permanent fissures make their appearance ; 
(3) that in the animal series there is no direct relationship between intellectual development 
and cerebral convolution. Further, it may be stated that no theory which will not also 
account for the fissures and laminae of the cerebellum as well as the convolutions of the 
cerebrum can be regarded as satisfactory. 

It has, however, lately been pointed out by Jelgersma that a simple mathematioal 
explanation exists for the existence of a convoluted surface. The one feature which mamnialB 
with smooth brains have in common is smallness of body ; whereas those mammals which 
possess convoluted brains are invariably found to be of relatively large size (Dareste). In 
other words, small mammals have smooth brains, however high they may be on the animal 
ladder, and in spite of their possessing a high degree of intelligence (^.^., certain monkeys), 
whilst \Bxge mammals have convoluted brains, although their intellectual development may 
be relatively low (e,g.^ cetaceans). '* The grey cortex of the brain, which in members of the 
same species maintains a tolerably constant thickness, increases by surface extension. 
Further, with every advance in the growth of the grey matter, taere mast be a proportionate 
increase of the subjacent white matter. The geometrical law involved is simply this — that 
in the growth of a body the surface increases with the second, but the interior with the third 
power of the radius. From this it is evident, seeing that the proportion of internal white 
matter and external grey matter is in all cases a uniform one, that in the evolution of a laig-e 
animal out of a small animal a disproportion between the grey capsule and the white core of 
the cerebrum must result. This is compensated for by the extended cortex placing itpelf in 
folds or puckers. Jelgersma further points out that the extent of the cerebral surface 
depends upon two factors, namely, (1) the absolute quantity of the grey matter, and (2) the 
thickness with which this is spread over the surface. The absolute quantity of grey matter 
present is determined by the bulk, or by the psychical endowments of the animal, or by both 
of these factors together. On the other hand, although the thickness of the grey cortex is 
very much the same in the same species, it differs considerably in different animal groups ; 
and it follows from the theory which he has advanced that the more sparsely the grey 
substance is spread over the surface of the white matter, the richer will be the convolution 
type. In the cetacean cerebrum the grey cortex is exceedingly thin, and it is due to this that 
the surface shows suoh an extreme condition of complexity." ^ 

Gases in which there is a congenital absence of the corpus callosum are characterized by a 
peculiar type of convoluted surface, the fissures and convolutions showing a strong tendency 
to radiate from the Sylvian fossa. This is partiy due, according to Cunningham, to a retention 
of certain of the primitive fissures which appear about the third or fourth month, are due to 
infoldings of the whole thickness of the cerebral wall, and are mostiy quite transitory ; but 
they cannot all be thus accounted for. There is often in these cases an intricacy of pattern 
displayed which is comparable to that of the cetacean hemisphere, and may be very possibly 
produced in a similar manner. 

The same law by which the formation of the cerebral convolutions is accounted for. 
likewise explains the development of the cerebellar folia, and of the wavy outline of the 
corpora dentata of the cerebellum and olives. 

Jelgersma's theory is not complete in so far that it does not explain why the convolutions 
should tend to assume certain patterns in certain groups. It is not improbable that these 
differences may be determined by variations in the relative functional importance of 
different parts, producing a corresponding variation in the extent of grey matter which haa 
to be provided for, and relative increase of this can only be obtained by local puckering 
(Cunningham). There is no doubt, however, that the formation of the various cerebral 
patterns, fairly constant for the same species, is scarcely susceptible of any very simple 
explanation, and that for the present we must rest satisfied with the statement of the fact. 

1 D. J. Cunningham, Address delivered at the opening of the section of Anatomy and Physiology at 
the annual meeting of the British Medical Association, 1890. 
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XNTFIICATE STRUCTURE OF THE CEREBRAIj HEMISFECBREa 

BXJaUOTURB OF THIB WHITS MATTSR. 

The cerebral hemispheres, like the rest of the encephalon, are composed of white 
and grey substance, the white pervading nearly the whole of the middle of each 
hemisphere, where it forms what is known as the msdullary centre, and extending 
into the convolutions ; the grey forming a covering of some thickness over the 
whole surface of the convolutioas (cortex), and occurring also at the base of the 
hemisphere in the form of the so-called basal ganglion {corpus striatum). 

The white matter consists of medullated fibres, varying in size in different parts, 
but in general smaller than those of the cord and bulb. They are arranged in 
flattened bundles separated by neuroglia ; the bundles have a somewhat rod-like 
appearance in transverse section. 

The fibres of the medullary centre, though forming many different groups, may 
be referred to three principal systems, according to the general course which they 
take, viz. : — 1. Frqjectwn-fibreSy which pass from the isthmus encephali to the 
hemispheres, or vke versa. These fibres increase in number in passing the optic 
thalami and corpora striata, beyond which they spread in all directions into the 
hemispheres. 2. Trajisverse or commissural fibres^ which connect the two hemi- 
spheres together. 3. Association-fibies (Meynert), which, keeping on the same side 
of the middle line, connect near or distant parts of the same hemisphere. 

1. The projection fibres in each hemisphere are continuous in part with the 
fibres of the crusta, in part with those of the tegmentum, the latter probably 
indirectly through the corpus striatum and optic thalamus. They are in great 
measure, if not wholly, direct prolongations of the axis-cylinder processes of cells of 
the cortex (see diagram, fig. 20, p. 23). 

a. The fibres which are continuous with those of the crusta pass in the internal 
<»pBule, between the optic thalamus and nucleus caudatus mesially, and the nucleus 
lenticularis laterally, probably giving off collateral fibres to those ganglia. Beyond 
the internal capsule the fibres diverge into the general white matter of the hemi- 
spheres, forming part of the system of radiating fibres known from its &n-like 
arrangement as the corona radiata (Reil) or fibrous cone (Mayo), the latter term 
being derived from the way in which the assemblage of radiating fibres is curved 
round in the form of an incomplete hollow cone as it emerges from below the 
nucleus caudatus, which follows the curve of the lateral ventricle. 

Although it is probable that most of the fibres of the crusta pass directly into the 
medullaiy centre and through this to the grey cortex, without entering the basal ganglia 
of the hemispheres, this has only been definitely ascertained for one or two of the 
tracts of fibres which run in the crusta. The best known of these is the pyramidal 
tracty which is traceable through the inner capsule (opposite the middle of the lenti- 
cular nucleus) and corona radiata to the grey cortex of the ascending frontal and 
ascending parietal convolutions and to the posterior parts of the first and second 
frontal gyri. This is of interest in connection with the fact that physiological 
experiment indicates the grey matter of these particular convolutions as especially 
concerned in governing the action of the chief groups of muscles of the body(kin8es- 
thetic or psycho-motor centres). 

Another group of projection-fibres is the so-called direct sensory tracts which 
passes from the external or lateral part of the crusta through the posterior part of 
the internal capsule into the white matter of the occipital and temporal lobes of the 
hemisphere (centres for special senses). 

The projection-fibres from the prefrontal region pass downwards in the anterior 
part of the internal capsule. 

M 2 
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A few of the fibres of the crusta (those nearest the inner or mesial side) do not 
pass into the inner capsule and corona radiata, but are collected into the bundle 
known as ansa Imiicularis and pass outwards underneath the thalamus into the 
nucleus lenticularis (see p. 112). 

h. Ths fibres which pass to the cerebrum in the iegmefitum, are originaUj 
constituted by the longitudinal bundles of the formatio reticularis of the medulla, 
oblongata. They are reinforced as they pass upwards by sets of fibres derived from 
the superior peduncle of the cerebellum, and perhaps the middle peduncle ; from the- 
fillet ; from the deeper parts of the corpora quadrigemina, and from the nerve- and 
other nuclei in the parts which they travei-se. They become lost for the most part 
in the subthalamic tegmental region and in the thalamus, but on the other hand., 
^om the outer side of the thalamus fibres stream outwards (see p. 111)> and joining 
the general system of the corona radiata, diverge to nearly every part of the hemi- 
sphere. Other fibres, apparently continuous with this same system, pass from the- 
posterior part of the thalamus into the optic tract. 

, From the lower part of the thalamus anteriorly fibres emerge forming the bundle- 
known as the inferior peduncle of the thalamus, and curving round below the nucleus 
lenticularis, pass into the white substance of the external capsule. 

2. The transTerse or commissural fibres which connect the hemispheres- 
together include — a. The transverse fibres of the corpus callosum, b. The fibres of (he 
anterior commissure. 

The fibres of the corpus callosum are derived from the cells of the grey cortex^ 
being either the direct prolongations of their axis-cylinder processes or collateraLB- 
passing off from the projection fibres before mentioned (fig. 20, call). When, there- 
fore, a portion of cortex is removed or destroyed, certain fibres in the corpus callosun^ 
undergo degeneration. By this means it may be determined that the anterior portions- 
of the callosum contain chiefly fibres derived from the frontal lobes, the posterior 
chiefly fibres from the occipital lobes, and the middle portion from the intermediate- 
parts of the mantle. The fibres from a limited part of the cortex are not, however^ 
entirely limited to one part of the callosum, but show a tendency to scatter, so that 
n^t only similar but also dissimilar parts of the two hemispheres are connected 
through this commissure (Sherrington). A certain number of projection fibres alsa 
pass across the callosum to the other hemisphere, and then turn downwards in the- 
internal capsule (Hamilton). Hence, after removal of certain parts of the cortex on 
one side of the brain, some degenerated fibres are found in the pyramidal tract whicb 
is mainly connected with the other side (see p. 31). 

The axLterior commissure (fig. 113) is composed of a bundle of transverse fibres 
which chiefly connects the temporal lobes of the two hemispheres. The bundle is most 
compact in the middle line, which it crosses at the front of the third ventricle just 
in front of the pillars of the fornix : in a median section of the brain it presents ai^ 
oval section of 5 mm. long diameter, with its long axis from above down. FronL 
this point it passes laterally as a twisted bundle of fibres curving backwards and 
somewhat downwards through the ventral part of the globus pallidus, and below the- 
putamen of the lenticular nucleus. Its fibres then diverge in a tan-like manner 
into the temporal lobe ; whether any pass by means of the external capsule to the- 
insula has not been satisfactorily determined. 

The fibres of the anterior commissure which pass into the temporal lobe form by 
far the greater part of the commissure in man, and constitute what has been termed 
by (janser the pars temporalis. Besides these fibres, there are others which are- 
derived from the lobus olfactorius (see p. 160), and which appear to connect the- 
olfactory tract of one side with the hippocampal gyrus of the opposite side. These 
form the pars olfacioria of Ganser : this part is very slightly developed in man. 

The anterior commissure forms the segment of a circle, with the convexity- 
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directed forwards^ It is the priacipal cerebral commissure ia all vertebrates. below 
mammals : the corpus callosam first making ita appearance in the lowest mammals 
and becoming developed proportionately with the increase of the mantle. 

The Tope-Iike twist of the anterior commissure is aasooiated by Hill with a rotaCion of 
the ceFebnun, whioti has occurrsd in the course of ite development (Appendix A to Enttliah 
TianeUtion of Obersteiuer's "Anatomy of the Central Nervous Oncana"). 

3. The asiooiation-fibrm which connect different pai'ts of the same hemi- 
sphere are either short or long. The short atsocialwi-fibree (Jibrte proprix, Meynert ; 

Pig. 113. — HoBizoirtAL eedtioh or tnE vtn bbmisphebe, 

SHOWIIIO THE COl'lUE OV THE ANTEBIOK COXHISSUKE. 

(Testatl. 
1, 2,anterior<»mmissure; 3, pillara of forniK ; 4, later&l 
Tentricle, anterior iiom ; 5, lateral Tentricle, deBceading 
horn ; 0, S', corpUH atriatum, caudate and lenticular nuclei ; 
7, thalamuB ; 3, inleraal rapsuls ; S', anterior segment of 
iotemal capeule. 

lamina arniala gyrorum, Arnold) (fig. 1 14, s.), 
serve to connect adjacent convolutions, passing 
roond below the grey matter at th e bottom of the 
fissures. The Umg assodation-fibren ure mostly 
collected into definite bundles, which can be 
traced for a considerable distance between the 
bundles of commissural and projection-fibres, or 
which mn Iree for a certain part of their course. 
The principal bundles or tracts of long associa- 
tion-fibres are the following : — -a 

(a) Superior asgociatton - bvndk (superior 
longitudinal fasciculus, fasciculus arcuatus, Burdach). — This consists of sagittal fibres, 
which run below the grey matter of the convex surface of the hemisphere, between 
the frontal and occipital lobes, and between the frontal lobe and external part of the 
temporal lobe (fig. lU,/./.s.). 

(J) Inferior associaUon-bundle {temporo-occipital bundle, inferior longitudinal 
fascicnlus). — This is a bundle of fibres which lies close to the outer wall of the 
posterior and inferior comua of the lateral ventricle and connects the temporal and 
occipital lobes {f.l.i.). 

(c) Anterior assecialion-bundle (uncinate fasciculus). — Under this name is 
described a white bundle, seen on the lower aspect of the hemisphere, passing across 
the bottom of the Sylvian fissure at the limen insulee, and connecting the frontal 
with the temporal lobe (/«■). The fibres of this bundle expand at each extremity, 
and the more superficial of them are curved or hooked sharply between the con 
tiguoos parta of the two lobes, — from which circumstance it has derived the name 
nncinate. Its fibres appear especially to connect the third frontal gyrus with the 
temporal lobe and with the anterior part of the limbic lobe. 

(d) Cingutum (ci). — This forms the principal association-bundle of the gyms 
fomicatus, its fibres coursing immediately above the transverse fibres of the corpus 
callosum, and passing from the anterior perforated space in front, ctir^'e round the 
splenium of the callosum behind, and pass in the gyrus hippocampi as far as its 
anterior extremity. Some of the fibres diverge, as they pass backwards, into the 
white matter of the hemisphere, and probably reach various parts of the cortex. 
The constitution of this bundle and its connections have been abeady dealt with 
(see p. 158). 

(») The perpendicular fasciculm (Wernicke), which runs vertically immediately 
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in front of the occipital lobe and connects the inferior parietal lobule with the 
faBiform lobulo (f-p.). 

(J) Tim fm-nix. — This (/o.), by means of its continnation, the fimbria {jL)y 
connects the liippocampal region of the limbic lobe with the corpus albicane, vhi(^ 
again is connected tfaron^h the bundle of Ticq d'Azyr lv.ffA.) with the thhlamuB 



Fig. 114. — Di«aRiiM or the i39<xiuTiui>-r:Baii or nii OBitKHKjii. hemibfrkhk. 
(E. A. S., ftfUr Hajnert.) 



f., abort UMciMion-flbrta, eonnerting adjacent gyri ; f.l.i., fosdcnlns l«iigitadii)alU inpATiDr; eL, 
dngntam ; /.p.. fMciculus perpeadicnlam ; f.l.i., fucicalne longitudinslii infeHor ;/.»., fwcicDlnii 
unciiutai ; fo., fumlx ; fi., fimbria ; v.^A., bundle of Vicq d'Ai.ir. 

opticns. The course and rclntions of the fornix have already been described 
(pp. 12S, J.^8). 

TbB ftriauircment ot the dbrea in the white mUMr hSB been atadied by H. Sachs, who finds 
that the fibres in the occipital lobe (the only part lu yet fully investigated by bim) are ananged 
ID foDT layers or series, from within out, as follows : — 1, Those which ore prolonged from the 
oorpns oallOBam (forceps major), wbioh oocnpy the oentral parts nearest the yentricle. 2. Nozt 
to these a layer composed of projection .fihrea, passing to Uie internal capsule. They ate flnor 
than the calloFal fibrec. 3. Another layer of larger fibres which sutroundB the projection- layer, 
and is cotiipo»e<l of loni): association -fibres, i. A layer of short association- fibres, nearest the 
cwtex. It will, of coarse, be nnderttood that the peripheral layers are conatKntly pierced by 
the flbr^ which are passing from the cortex to jom the more centrally-situated layers. 

BTBUOTUBB 07 THB OBX2 UATTBR. 

The ?rey matter on the convoluted surface of the cerebrum forms a coatinuooB 
layer indistinctly divided into two or tliree strata by interposed thin layers of paJer 
Bubstance. 

In examining a section macroscopically from without inwards 'fig. 115, 1), we 
meet with — 1, A thin coating of white matter situated on the surface, which on a 
section appears as a faint white line, bounding the grey surface exteiTiaDy. Hiis 
superficial white layer is not equally thick over nil parts of the cortical suhetnnce, 
but becomes thicker as it approaches the borders of the convoluted surface ; it is 



LAYERS OF CELLS IN THE CORTEX. 167 

aOGordiogly less conspicnous oq the lateral coDvex aspect of the hemispheres, and 
more so ou the convolatioas situated in the longitudinal fissnie which approach the 
white surface of the corpus callosum, and on those of the uuder sorface of the brain. 
It is especially well marked on the hippocampal gyms, and it has been there 
described nnder the name of the reUculated white aubsiance. S. Immediately beneath 
the white layer just described, is found a layer of grey or reddish grey matter, the 
colour of which, as indeed of the grey substance generally, is deeper or lighter 
according as its very nnmerons vesseb contain much or little blood. S. A layer, 
appearing in section as a thin whitish line (line of Vicq d'Azyr, outer tine of 



TtM parti are Dear); of the nataral aiza, 1, show* 
the bIi iHjen ordmariljsaen in the cerebral cortex wban 
esrefull; eianiined witli lbs naked sje ; '1, the Bppeat- 
tmce of s Mction of a coDTolntioii from the oeighboar- 
hood of the calcarioe fiesun. 

Baillarger). 4. A second grey stratum. 5. A second thm whitish layer (inner line 
of Baillaii^r). 6. A yellowish grey layer which lies next to the central white matter 
of the convolution. In some convolutions, especially those bordering on the calcarine 
fissure, the line of Vicq d'Azyr is very distinct, but the inner line of Baillai^er is not 
■visible (fig. 115, 2). 

Medullated fibres radiate from the white centre of each convolution in all direc- 
tions into the grey cortex, having a courae for the most part perpendicular to the 
free surface. In passing tbrongh the grey sabstance they are arranged in bundles 
abont TiW^h of ^n ■'■cb in diameter, and thus separate the nerve-cells into elongated 
groups, and give the section a columnar appearance (fig. 116). The direction of 
the fibres varies according to the part of the convolnlion in which they occnr, 
whether near the summit or the base, and the radiating direction ia somewhat lost 
in the sulci between the convolutions, where tlie arched fibres which coimect the 
adjacent convolutions seem to obscure the radiating bundles. 

Ijaysn of oalla in tlia ooxtex. — The form and arrangement of the cells vary 
at different depths of a convolution, and in this way several layers are distinguished, 
having more or less definite characters, but not sharply marked oW from one another. 
Their relation to the stratification distinguishable by the naked e;e is not everywhere 
clearly made out. The most common type is that which is seen in the convolutions 
of the parietal lobe. In this most observers t^ree with Meynert in recognising five 
layers as follows (fig. 116) : — 

1. Superficial or moiecular layer. — This, the most external layer, is narrow, and 
forms about -^th of the whole thickness of the grey cortex. It is composed chiefly of 
neurq^lia, but contains some nerve-cells. A few medullated nerve-fibres occnr in it, 
forming a thin superficial white stratum almost immediately underneath the pia mater. 

As already intimate these fibres are much more developed in the hippocampal 
r^ou than in other parts of the cortex. The layer also contains non-medullated 
fibres, which ramiiy in it, and most of which are derived fi"om the peripherally- 
directed processes of the pyramidal cells of the deeper layer. 

The neurc^lia-cells of the superficial layer are mostly elongated and set perpen- 
dicularly to the surface, where a principal processof each cell usually terminates in 
a foot or enlargement (fig. 117). 

The nerve-cells of the layer are small. They vary in shape, many being fusiform 
and set parallel with the surface. Both their dendrites and their axis-cylinder 
processes, which give off numerous collateral branches, are for the most part confined 
to this layer. Many of them have two or three axis-cylinder processes, and these 
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frequently come off from the dent rites, instead of, as is osoal, from the bodv of the 
cell (Cajal). 

?, Layer of small pyramids. — Thia layer, of nearly the same thickness as the 

Pig, 118. — SeCTIOH Of CBIHtBBiL COirTaLDTIOB 

(Meynei-t). 
1, Superficial laysr, with scattered cells ; 2, layer 
of Bmdl pjiamidal celli ; 3, broader layer of pyra- 
midal celU, leparuted into columns by Ibe radiating 
nerre-Bbrea ; 4, oarroir layer of small irregular osil* ; 
6, layer of fusiform and irregnUr cells in medullary 

last, is characterized by containing a lai^c 
number of small nerve-cells, mostlj pyra- 
midal, with dendrites extending mainly 
into the superficial layer, and an axis- 
cylinder process, which starts from the 
h&x of the cell and after giving off a few 
collaterals, passes downwards to the white 
centre, poEsibly to the corpus striatum 
as a projection-fibre. Some of the axis- 
cylinder processes do not, however, reach 
the white matter, but end in arborisations 
between the cells of the next layer. 

3. Layer of large pyramids. — The third 
layer is of paler tint and much greater 
thickness. Itcontains pyramidal branching 
cells, some lai^ others smaller, arranged 
with the pointed extremities towards the 
suriace of the convolntion, and separated 
into gronps by the bundles of radiating 
nerve-fibres. The innermost portion of the 
layer, in which the cells are larger and the 
separation into groups more distinct, is 
sometimes described as a separate layer. 
The axis-cylinder processes of these cells 
give off 7 or 8 collaterals, which become 
medullatwi and end by ramifying in the 
adjacent grey substance. The axis-cylin- 
der is then continued on into the while 
matter as a meduilated fibre. 

4. Layer of polymorphous cells. — The 
fourth layer is narrower, and contains 
many small, irregularly-slisped corpuscles, 
with numeroQS dendrites and n single axis- 
cylinder process. The axis-cylinder pro- 
cesses of most of these cells tend towards 
the white centre, but some pass peripher- 
ally, and reach the molecnlar layer where 
they become continuous with some of the 
nerve-fibres of that layer. 

5. Layer of fusiform cells. — The fifth 
layer, of greater width than the last, uid 
blending more or less with it, is com- 
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poacd of fusifonn and insular ceils. The fnsirorm oorpnscles have a definite amtnge- 
ment, beiog placed for the most part vertiuallj at the stunmit of a gyrlia ; but parallel to 
. the surface in the sulci, where they correBpond ia direction to the arcuate fibres pa^siDg 
from one convolutioa to another ; they are said to be connected with these fibres. 

Fif. 117. — Cblu vbom tbb cbhkbkxl 

COBTBX, BKOWN BT GoLOl'S MKtHOI>. 

n,R, neuroglift. cells ; p,p, pymmitla ; 
0,0, Axift-cjlinder prucssses af pynuuidl 
giving off coUaUrslB. 

Beneath the last layer is the 
medullary centre, with which it gra- 
dually blends. The fibres of the 
white substance, as they radiate into 
the grey matter, become finer. They 
are mostly continuous with the axis- 
cylinder prouesses of the pyramidal 
cells, the collaterals of those forming 
two plexuses of medulkted fibres 
which lie, the one at the base of the 
Srd layer, the other between this 
and the 2nd layer. These plexuses 
Unner and outer white plexuses of 
\V. Krause) are probably the cause 
of the lines of Baillarger seen with 
the naked eye in a section of the 
grey cortes of a fresh bratn. 

In the Sylvian fissure the fusi- 
form cells are more abundant than 
elsewhere, and from their nnmbei' 
in the clanstrum the fifth layer has 
been termed by Meynert the "claus- 
tral formation." They are also very 
abundant in the amygdaloid nucleus, 
which is indeed chiefly formed by a 
thickening of the deepest layer of 
the cerebral cortex. The oornu 
ammonis on the other hand is formed 
almost exclnslvely of the large pyra< 
midal cells, and the layer in which 
these occur (third layer) has, in 
like manner, been termed the " for- 
mation of the comu ammonis." 

The axis-cylinder processes of the 
pyramids when they reach the medul- 
lary centre, pass either as association-fibres to other part« of the cortex of the same 
hemisphere, or as commissural fibres to the corpus calloenm, and through this to the 
opposite hemisphere, or as projection-fibres to the corpus striatum and optio 
tjialamns, or by way of the internal capsnle to the midbrain, bnlb and spinal cord. 
The junction with fibres of the association-bundles may be T-shaped, in other words 
they may bifurcate and pass in opposite directions underneath the cortex. Eventnally 
they turn into the cortex again and end by free arborisation amongst its cells. More- 
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Pig. llB.—SlCTIOH or OOSTU 

nie nnmhen dcDote tbe Mint Isjcn m in fig. 118. 

Fig. 120. — SionoH or oobiix or rkonTAL lobk. 
I, 2, ai in Gg. 118 ; 8, t, la^ pjraiuidB ; 5, polymorphooB and ■piadJe-mll'. 
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Fig. 121. — SionuH or cortbx or hotub arra. 

Tbt Dumbent dsaote Uie Mme Hjen u in fig. 120. 

Pig. 122.— SicTioH or uipfocahpcs iujor. 



Fig. 123.— Sectioh or ooktex or ai 
I, auperfidsl Ujel ; 2, thort pjramidi ; 3, long pyramids. 
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over, in their loDgitudinal course they give off collaterals here and there to inter- 
mediate parts of the cortex. The commissural fibres, after passing through the 
corpus callosum, have a longer or shorter course in the white matter of the opposite 
hemisphere, and end by terminal ai'borisations in its cortex. In their course they also 
give collaterals to other ptvrts of the cortex. Some of the commissural fibres are 
themselves collateral branches of the projection-fibres (fig. 20, p. 28). 

The projection-fibres pass for the most part into the internal capsule. Both 
before reaching this and as they pass through it they give off collaterals, some of 
which enter the basal ganglia and ramify amongst the cells, whilst others pass 
towards the corpus callosum. The main fibres ultimately end by arborisation in 
the grey matter of the lower nerve-centres : those of the pyramidal tract amongst 
the cells from which the motor nerve-fibres originate. The projection fibres are 
mainly derived from the middle-sized and larger pyramids, and from some of the 
polymorphous cells of the fourth layer.^ 

Differences of stnictiire in different parts. — Considerable variety occurs in 
different parts of the cerebral cortex in the size and regularity of shape of the nerve- 
cells and in the relative thickness of the several layers. It is especially worthy of 
notice that in the '' psycho-motor *^ region, and particularly in the upper part of the 
ascending firontal convolution, some of the deeper pyramidal cells are very large 
(fig. 121, 4), and are arranged in more or less defined groups or nests (Betz, Be van 
Lewis). On the other hand, in the neighbourhood of the calcarine fissure, large 
cells are very scanty^ their places being for the most part taken by smaller ones 
(fig. 118). Again, in many parts a six-laminated cortex is produced by the interca- 
lation of a layer of small angular cells in the middle of the layer of large pyramids 
(figs. 118, 119). [ 

These differences in the size and arrangement of the cells in different parts of 
the cortex are well illustrated in the accompanying figures (118 to 128) by Bevan 
Lewis of sections from various regions. 

I The most remarkable differences of structure occur at the margin of the hemi- 
sphere in the region of the hippocampus, and in the olfactory lobe. These will now 
be specially considered. 

Stmotnre of the hippoc^unpns major or comn ammonis. — The hippo- 
campus it will be remembered corresponds to the hippocampal fissure externally ; 
this fissure separating the uncinate or hippocampal convolution below from the 
fascia dentata above. The uncinate convolution (fig. 128) has the ordinary structure 
of the cerebral gyri, being coniposed of a grey cortex and a, thick white centre. 
The cortex generally is, however, thin, but the superficial layer is relatively thick, 
and contains many medullated fibres. The cells of the second layer are relatively 
large as compared with other parts of the cortex. The cortex is prolonged around 
the hippocampal fissure, forming the main part of the hippocampus (figs. 110, 124) ; 
the white centre is also prolonged over the projection of the hippocampus into the 
ventricle, but becomes very thin in this situation where it is known as the aiveua. ' 
It is covered by the epithelium and ependyma of the ventricle. . 

Above the hippocampal fissure the grey matter of the hippocampus swells oat 
into the notched lamina known as the fascia dentata (dentate convolution, fig. 124, 
F d). The white matter of the alveud is in like manned prolonged over this, but not 
quite as far as its free border ; it becomes thickened and is continuous with the 
white band known as the fimbria (Fi), which thus represents a Iree edge of the 
medullary centre of the hemisphere. 

The projection of the hippocampus (into the ventricle) is thus produced by the 

* Most of the aboTO details relating to the destination of the axis^cylinder processes are derived from 
the observations of Bam<Sn j Cajal, made upon specimens prepared by Gt>lgi*s method. 
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invaginatiOD of the cortex aa the hippooampal fisanre. Accordiog to Golgi and Bala 
there is a second iaTagination into the faacia dectata : this must honever be looked 
upon as quite incomplete. 

The greater part of the grey matter of the hippocampiu is occapied bj several 
rows of moderately large pyramidal cells (fig. 122, 5 ; fig. 124, 8) with long apical 
proceBses, which lie embedded in a ueuroglia-matrix, and confer npoa this, especially 



Pig. 124. — Sectio,'' iCBOSS ■ 

Oh, part of tlie gyrus hippocanipi or uncinate convolution ; Pd. f&si 
Uon ; between them is tbe dentitfl fiaaura ; Pi, fimbria, onniposed o£ lon^ 
1, 2, medulUr; centre ol the bippocampal gyrus prolonged around tbe hippocampus, H, aa the BO-calletl 
alTeuB, into the fimbria ; 3, iajer of large pyramidal cella ; 4, stratum radiatum ; 5, stratum lacinioaum ; 
6, aaperticial medullary lamina, involuted around the dentate fissure ; ", terminntion of this lamina, 
the fibres here runniDg longitudinally ; 7, auperfieial neuroglia oE the faacia deatata ; *, stratum 

in its outer part, a striated aspect ; hence the name of stratum radiatum sometimes 
used to distinguish this part of the layer (4). By their bases the cells rest upon the 
white layer or alveus, into which their axis-cylinder processes pass, but there is in 
some parts a layer of grey matter intervening (fig. 122, C). 

Superficial to the stratum radiatum, the prooesseB of the pyramidal cells form au 
arborisation, the branches of which are closely interwoven {stratum lacintosum, 5). 
Superficial to this are a large uttmber of small cells which give a granular appear- 
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ance to the layer thej oocupy (stratum granulomm). Superficial to this again ie a 
well-marked layer of medullated fibres continaons with the reticulated white substanoe 
of the uncinate convolution (see p. 156). It is known as the mvobtted medtUlari/ 
lamma (fig. 124, 6), and represents an increased development of the thin layer of 
white fibres which is ordinarily found in the moleonlar ot superficial layer of the 
grey matter. 

In the fascia dentatu the luge pyramidal cells are placed in the centre and are 
irregularly arranged : they are surrounded by an incomplete ring of closely packed 
small pyramidal ceils (shaium granulosum, fig. 124, •), outside which is a very 
broad superficial layer of neuroglia with a few scattered cells. 

Minute ■t m ct are of tli« ol&Gt<ny lobs. — The peculiar structure of this part 
of the brain can best be understood by a reference to its mode of development. It 
is formed as a hollow outgrowth from the vesicle of the cerebral hemisphere (after- 
Fig. 125,— SeCTIOK AOBOag IHK MIDBW 0» TBI OLriCTOBT TBACT 

lUenle). 
t', rentral Enrfnee ; d, darsil ri<)ge. From witbout in are Been 
Bnccegaivet/ : (I) a thin luperficial layer of neuroglia ; (2) a (darkl; 
Bhmled) layer of transversetj-cut medullary tibree, of very aoeqiul 
tbickaeu in different parti ; (S) the central grey nistter projecting up 
into the Joraal riilge nnij here and there extending In the Burfaee and 
liaitially int«rrapting the medullacy layer. 

wards the lateral ventricle), and in most of the lower 
animals (in which it is much more developed than in 
man), it exhibits even in the adult condition a centrul 
■\ " cavity (lined with ciliated epithelium), and in some, as 

already stated, this retains throughout life its connec- 
tion with the lateral ventricle. The walla of the hollow outgrowth become 
thickened and difi'ereatiated into a central layer of neuroglia next to the caviiy, 
a well-marked intermediate layer of white snbetance outside this, and a peripheral 
layer of grey matter surrounding the whole. In man and apes the same changes 
occur, but the cavity becomes completely obliterated and in its stead we find nothing 
bat central neuroglia, which forms for the most part a tract fiattened ont laterally, 
and containing but few cells. The white or medullary substance around this appears 
in section in the form of a fiattened ring consisting of longitudinal white fibres 
(fig, 125). In the olfactoiy tract the peripheral layer of grey matter is very thin 
and inconspicuous, so that the white substance almost everywhere shows through it, 
«xcept along the dorsal ridge where there is an accumulation of the grey substance, 
extending into and partly intenuptiug the medullary ring (fig. 125, rf). In the 
bnlb on the other hand this dorsal accnmulation of grey matter is not seen ; bnt 
upon the ventral side of the flattened medullary ring (fig. 126, 1, 2, 3) in place of 
the thin scarcely visible layer of grey substance in the corresponding situation in 
the tract, a thick layer of grey matter is found and forms indeed the greater part of 
the thickness of the bnlb, what was originally the central cavity being consequently 
now placed near the dorsal surface. This grey matter as aeen in section exhibits 
the following parts (fig. 126, 4 to 8) ;— 

(I.) A granule layer of considerable thickness (fig. 126, 4, 5, 6j iying next to the 
medullary ring, and characterised by the presence of nnmerous small cells, like thoae 
found in the deeper or granule layer of the grey cortex of the cerebellum. The 
layer is not entirely composed of these cells however, for there are present in addition 
a number of reticulating bundles of medullated fibres which separate the " granules " 
into groups, and other medullated fibres which pass vertically between the medullary 
ring and the next layer. There are also a number of large nerve-cells, having for 
the most part a oonical shape {mitral cells, fig. 127, m.c.), the axis-cylinder processes 
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of which pass upvards through the grannie layer, while most of their protoplasmic 
or dendritic procesaes enter the next atr&tam. 

(2.) The layer of olfactory glomeruli (7). The remarkable bodies which 

Fig.126.— StoriON aciio» a past 

or TBB OLVACTOKT It'I.B 

(Hnla). 

1, 3, Ujen ot verr fine tnuia- 
veraely cut nsrvs-libres, pauing 
TOiinil iuCo ODe another at tbe 
■Ide, ud forming tbe llatt«nHi 
lnednllu7 ring, eDclosing the cea- 
trat nearoglia, 2 ; 4, 5, 6, gnnole- 
layer; 7, bi;eri>f olfactory glome- 
riili, t. tt ; 8. lajM' "I olfactorj 
nerre-fibres, bandlei of wbich we 
■een puaiagM* * to the olfactory 

characterize this stratam 
were first described by Ley- 
dig in elasmobraachs aod 
by Lockhart Clnrke in 
mammals. They are rounded ' 
bodies which are formed of 
a dense iaterlacemenb of 
nerve-fibres derived on the 
one hand from the dendrites 
of tbe mitral cells, on the , 

other from the ollw:tory * 

fibreaof the next layer. Tbey also include afewsmall cells,wliich are probably neuroglial 
(S.) The layer of olfactory nerve-fibret (8). This, the lowest layer of the bulb, 

Fig. 127. — DiAQRAK or thi 



BDLB. (E. A. S.) 

olf.e., cells of tbe olfaolorv 

lowest layer of the bulb com- 
posed of the olfactory nerve- 
fibres, which are pro]opgf<l 
from the olfaclary ceiU; gl., 
vlfactory glamenili, containing' 
arboriaatioDB of the olfactory 
nerra-Gbrea and of the den' 
dritesof the mitral cella; m.c, 
mitral cells ; a, their axis- 
cylinder proceaaea passing to- 
wards tbe nerre-fibre layer, 
7L(r,, of the bulb to become 
«ontinaous with fibres of the 
olfactory ttact : these aiis- 
-cylinder processes are seen to 
give off collatemla, some of 
which pass again into the 
lower layen ot the bulb ; 
n', a nerve- fibre from tl.a 
olfactory tract ramifying in 
the grey matter of tbe bulb. 

consists entirely of bundles of non-mednllated nerre-fibres, which here form a dense 
plexus the fibres of which on the one hand pass tbrough the perforations iu the 
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cribriform plate of the ethmoid bone to the olfactory mucous membrane, and on the 
other hand into the glomeruli, where they ramify and form arborisationB, which 
interlace with those of the dendrites of the mitral cells. 

The relations of cells and fibres in the olfactory bulb have recently been reinvesti- 
gated by Golgi, Eam6n y Cajal, v. Gehuchten, and others, by the aid of Golgi's silver 
nitrate method. The result of these investigations has been to show that the 
olfactory nerve-fibres take their origin in the olfectory cells of the Schneiderian 
membrane, which are therefore to be regarded as peripheral nerve-cells, and that 
they terminate in the arborisations already mentioned as occurring in the olfactory 
glomeruli. To these same glomeruli protoplasmic processes of the mitral cells also 
pass and end in arborisations which intimately interlace with those of the olfactory 
fibres. (Some of the protoplasmic processes of these cells do not, however, pass to 
the glomeruli, but end in free arborisations in the deeper parts of the granule layer.) 
On the other hand the axis-cylinder processes of the mitral cells pass upwards from 
the rounded apex of the cell, and passing between the *' granules " reach the white 
fibres of the medullary ring. Turning sharply backwards nearly at a right angle 
they then become continuous with the fibres of the ring (see fig. 127), ultimately 
reaching the olfactory tract, along which they are conducted to the base of the 
brain. As they pass upwards and also in their horizontal course, they give oft 
collateral fibres to adjacent parts of the bulb : these collaterals end after a short^^ 
or longer course in free arborisations in the grey matter. 

MEABUKESMENTS OF THIS BBJLIN. 

DiuensionB. — ^The length of the cerebral hemispheres, measured from the 
frontal to the occipital pole, varies in the larger proportion of cases between 160 mm. 
and 170 mm. for the male brain ; and between 150 mm. and 160 mm. for the female 
brain. The greatest transverse diameter of the whole brain for both sexes is about 
140 mm. and the greatest vertical measurement of each hemisphere aboat 125 mm. 
(Buschke). The brains of dolichocephalic individuals are naturally longer than 
those of brdchycephalic : in the latter there is a tendency to a breaking up of the 
longitudinal gyri by transverse fissures, thereby increasing the amount of surface 
and hence of grey cortex in proportion to the whole brain. 

Extent of grey cortex. — The attempts hitherto made to measure or estimate the 
relative proportions of the different convoluted parts of the cerebrum to each other 
and to the degree of intelligence, either more directly or by the cranioscopic methods, 
have been attended with little success. Sach researches as those of Rudolph Wagner 
give, however, some promise, when fully carried out, of affording more definite 
results. These researches had for their object to institute an accurate comparison 
between the brains of certain persons of known intelligence, cultivation, and 
mental power, and those of persons of an ordinary or lower grade. As examples of 
brains of men of superior intellect he selected those of Professor Gauss, a well-known, 
mathematician of eminence (aBt. 78), and Professor Fuchs, a clinical teacher 
(aBt. 52) ; and as examples of brains of ordinary persons, those of a woman of 29^ 
and a workman. 

The careful measurement of all the convolutions and the intervening grooves in 
the four brains above mentioned was carried out by H. Wagner, by covering the 
cortex everywhere with gold-leaf, and determining the extent of surface by the 
amount employed. The result of these measurements is partly given in the 
accompanying table, the numbers indicating square millimeters of surface. 

It will be seen that although there are undoubtedly differences in the brains- 
examined, these are by no means so striking as might have been expected. Indeed 
it may be stated that the general I'esult of these and similar observations has been 
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hitherto inconclusive, for although there have been observed several notable instances 
in which superiority of intellect has been found to be accompanied by increased size 
or complexity of the cerebral surface, in many other cases no such relation has been 
noticed. 



Comparative measurement of the extent of surface of the cerebral convolutions. 





Surface of rach Lobe sefaeutkly. 


i Free and Debp sur- 
faces OF Convolutions. 


Whole 
surface of 
Cerebrum. 




Frontal. 


Parietal. 


Occipital. 


Temporal. 


j 


Deep surfoce, 
including sur- 
foce o\ insula. 


1. G.UISS ' 89,546 

2. Fuchs 92,380 

3. Woman ... 84,318 

4. Workman.. 72,890 


45,493 
44,783 
41,838 
40,142 


38,286 
37,927 
32,861 
32,490 


44,062 
43,468 
42,982 
39,880 


2,252 
2,447 

2,126 

i 

2,270 


72,650 
72,100 
68,900 
62.750 


146,988 
148,905 
135,215 
124,922 


219,638 
221,006 
204,115 
187,672 



It will be seen from the above that the total surface, exposed and sunken, is 
about 200,000 square mm., and that there is about twice as much sunken as 
exposed surface. With this estimate the determinations made by subsequent 
observers mostly agree. BaiUarger, who dissected off and unfolded the cortex, and 
then measured its whole extent, obtained only an area of 170,000 sq. mm. as 
the mean of the brains thus treated. Paulier, by a modification of the method of 
Wagner, obtained a result similar to that of Baillarger for the whole surface, and, 
further, found the sunken surface to measure but little moi'e than the exposed 
surface, and the extent of surface to bear no relation to the weight of the brain. 
Calori measured 41 brains (Italians), and obtained the following average results (in sq. 
mm.) for the total surface : — Male, brachycephalic, 248,778. Male, dolichocephalic, 
230,212. Female, brachycephalic, 211,701. Female, dolichocephalic, 198,210. 

Danilewsky attempted to determine the area of the whole cortex by a comparison 
of the weight of the brain, its specific gravity (1038), the specific gravity of the 
grey matter (1033), and white matter (1041), and the average thickness of the grey 
matter, which he estimated at 2*5 mm. He obtained in this way a result of about 
33 per cent, as the weight of the grey cortex, giving for a brain weighing 1324 grm., 
a total surface of 169,200 sq. mm. De Begibus made similar calculations from 
estimation not of the specific gravity but of the amount of water in the whole brain 
and in its two component substances. His estimates of the total area of the cortex 
of both hemispheres are higher than those of Danilewsky, varying from about 
217,472 to 278,940 sq. mm. {vide Donaldson "Ou the Brain of Laura Bridgman,'* 
in the American Journal of Psychology, vols. iii. and iv.) 

Thickness of cortex. — It is clear that a measurement of surface alone without 
taking into account the thickness of the cortex, may be entirely misleading as to the 
amount of grey matter in the brain. This has been recognized by various observers, 
who have accordingly endeavoured to form an estimate both of the average thickness 
of the cortex generally, and also its thickness in special localities. The results have 
been tabulated by Donaldson in the paper above referred to, and from them it 
would appear that the thickness may vary from 1*55 mm. to 3*5 mm., or even 
somewhat more than this, the average in normal brains being 2*9 mm. If 
a section be made across a gyrus it will be found that the cortex is thickest at the 
snmniit of the gyrus and thinnest at the bottom of the bounding sulci, so that it is 
necessary to take a mean between these two measurements in order to arrive at the 
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average thickness for any locality. But beyond the fact that the cortex is somewhat 
thinner near the hemisphere-poles, and especially the occipital pole, than in the 
intermediate parts, no definite statement regarding the relative thickness of different 
parts can at present be made. Females have a very slightly less thickness of cortex 
than males (less than 1 per cent.), and the right hemisphere less than the left : the 
difference may amount to 7 per cent. (Donaldson). 

Weight. — The results obtained by Sims, Clendinning, Tiedemann and J. Beid 
showed the maximum weight of the adult male brain, in a series of 278 cases, 
to be about 1810 grammes (64 oz.), and the minimum weight about 960 grammes 
(34 oz.). In a series of 191 cases, the maximum weight of the adult female brain was 
1585 grammes (56 oz.), and the minimum 880 grammes (31 oz.). In a very large 
proportion the weight of the male brain ranges between 46 oz. and 53 oz., and 
that of the female brain between 40 oz. and 47 oz. Similar statistics have been 
published by Peacock, R. Wagner, Bischoff, Huschke, Boyd, Weisbach and others. 
The mean weight at from 20 to 40 years of age was found by Boyd to be 48 oz. 
(1360 grammes) for the male, and 43^ oz. (1230 grammes) for the female brain. 
Although many female brains exceed in weight particular male brains, as a general 
fact it may therefore be affirmed that the adult male encephalon is on an average 
heavier by 4 oz. or 5 oz. than that of the female (or about 9 per cent.). 

The appended table, which has been compiled from the observations of B. Boyd 
(Phil. Trans. 1860), shows in grammes the mean weights at different ages in the 
two sexes. 



Malbb. Fsmalbb. 

Childien stillborn at term ... 398 ... M7 

Children bom alive at term. 330... 283 

Under 3 months 493... 451 

From 3 to 6 months 602... 560 

From 6 to 12 months 776 ... 727 

From 1 to 2 years 941 ... 843 

From 2 to 4 years 1,095... 990 

From 4 to 7 years 1,138 ...1,186 

From 7 to 14 years 1,301 ...1,154 



Males. Fejcalss* 

From 14 to 20 years 1,374 ... 1,244 

From 20 to 30 years 1,333 ... 1.237 

From 30 to 40 years 1,364 ... 1,220 

From 40 to 50 years 1,351 ... 1,212 

From 50 to 60 years 1,343 ... 1.220 

From 60 to 70 years..... 1,313 ... 1,208 

From 70 to 80 years 1,288 ... 1,168 

Over 80 years 1,283 ... 1,125 



It would appear from the above that the brain is absolutely heavier between 14 
and 20 years of age than at any other period of life, and that at the age of 80 it has 
lost about 90 grammes, or rather more than 3 ozs., i,e., about -^ of its whole weight. 

The figures obtained by Broca are somewhat higher than these, e,g., between the 
ages of 80 and 35, in the male, an average of 1421 grammes (50 oz.) ; in the 
female, 1269 grammes (45 oz.). According to the same statistics, the weight of the 
brain attains its maximum, not before the age of 20, as found by Boyd, but between 
25 and 35 in the male and a little earlier in the female. This agrees with the 
results of Peacock. 

The two hemispheres of the same brain, although hardly ever of exactly the 
same weight, show no constant difference, the one half preponderating just about as 
often as the other, and the average difference being only about 5 grammes (Braune). 
There is no evidence that the right hemisphere is the heavier in left-handed people. 

It has frequently been found that the brains of distingpuished men have a brain-weight 
above the average, sometimes markedly so, bat the rule has many exceptions. The converse 
is by no means true. 

The relative weight of the encephalon to the body is liable to great variation ; 
nevertheless, the facts to be gathered from the observations of Clendinning, 
Tiedemann, and Reid, furnish the following general result. In a series of 81 males, 
the average proportion between the weight of brain and that of the body at the ages 
of twenty years and upwards, was found to be as 1 to 86'5 ; and in a s^'ies of 82 
females, to be as 1 to 36*46. The results of BischoflTs observations give 1 to 85"2 in 
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the female. In these cases the deaths were the resalt of more or less prolonged 
disease ; bat in six healthy individuals dying suddenly from disease or accident, 
the average proportion was 1 to 41. 

The proportionate weight of the brain to that of the body is much greater at 
birth than at any other period of extra-uterine life, being, according to Tiedemann, 
about 1 to 5*85 in the male, and about 1 to 6 '5 in the female. From various 
observations, it further appears that the proportion diminishes gradually up 
to the tenth year, being then about 1 to 14. From the tenth to the twentieth year 
the relative increase of the body is most striking, the ratio of the two being at the 
end of that period about 1 to 80. After the twentieth year the general average of 
1 to 36 '5 prevails, with a further trifling decrease in advanced life. 

Influence of stature on brain toeight. — According to J. Marshall, the proportion 
of entire brain (in ozs.) to each inch of stature, is for the male sex 0*708 ; in 
the female 0*688. This relative preponderance in the male is due entirely to pre- 
ponderance of cerebral development ; the average stature-ratio for cerebrum alone 
being 0*0619 oz. in the male per inch of stature, and 0*599 oz. in the female, 
whils the stature-ratios of cerebellum, pons and medulla obkngata, are similar in 
the two sexes. 

The following tables have been compiled by Marshall from the data furnished by 
the observations of R. Boyd npon the brains of 1150 sane persons, viz. : — 598 males 
and 552 females. They show the average weights in ozs. of the encephalon and its 
several parts at certain periods of life and in individuals having certain differences 
of stature : — 
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It will be seen from these that although there is an increase of brain-weight with 
bodj-statare, this increase does not keep pace, pari passu, with the stature. That 
is to say, taller persons, although they have absolutely more brain substance, have 
relatively less than shorber persons. This is true for either sex. Nevertheless the 
proportion of brain to the stature remains larger in the male both at the mean height 
of both sexes, and at nearly corresponding heights. 

Maxshall further finds from a minute analysis of these results of B. Boyd, that in the case 
of males of mean height, the weight in ounoes of the cerebrum may be obtained by simply 
dividing the number of inches of height by 1*6, or in grammes by multiplying the number of 
centimetres of height by 7. 

For females, the same formula as that employed for the male can be used, but the result 
must be multiplied by ^. 

Thus— 

Height in inches 

Weight in ozs. of the mean male cerebrum = 

® 1*6 

J, , , Height in inches 
., „ „ female cerebrum = — ■ xp 

Weight in grammes of the mean male oerebrum = Height in centim. x 7 

„ „ „ female oerebrum = Height in centim. x 7 x ^ 

The weights as calculated from these formulsB are found by Marshall to correspond very 
nearly with the observed weights for definite statures as recorded in Boyd^s tables. The 
coirespondence is most complete for statures near the mean, the observed weights bein<r 
slightly defective at the higher, and excessive at the lower statures.^ 

Most of the estimates of brain weight in different races have been obtained as 
the result of measuinng the cubic contents of the skull cavity (compare VoL II., 
p. 83, and Manouvrier, loc, cit.). In this way it is estimated (Davis), that the 
Chinese have an average brain weight of about 1380 grammes (approaching that 
of the European ) ; the Sandwich islandei*s one of 1800 grammes ; the Malays and 
North American Indians one of 1265 grammes; the negro 1245 grammes; the 
native Australians 1185 grammes. The Hindus have also a small brain weight 
(probably in relation to the small prevailing stature), viz. : 1190 grammes. Amongst 
Europeans the Latin races have a somewhat less brain weight than the Teutonic and 
Sclavonic races ; here also in all probability the influence of stature is apparent. 

Weight of the several parts of the encephalon. — The proportionate 
weight of the cerebellum (inclusive of the pons and the medulla oblougata) to that 
of the cerebrum is, in the adult, as 18 to 87 (Huschke). The cerebellum is both 
absolutely and relatively somewhat heavier in the male than in the female. 

In the new-bom infant the ratio of the weight of the cerebellum to that of the 
whole brain is strikingly different from that observed in the adult. Huschke found 
the weight of the cerebellum, medulla oblongata, and pons together in the new-bom 
infant, as compared with that of the cerebrum, to be in the proportion of 7 to 98. 

Meynert found the proportions between the frontal, parietal, and conjoined 
occipital and temporal lobes to be 41*5 : 28*4 : and 35*1 (in both the male and 
female). 

Weight of the spinal cord. — Divested of its membranes and nerves, the 
spinal cord in the human subject weighs from 1 oz. to If oz. (average 80 granmies^ 

Schwalbe.) Its proportion to the encephalon is about 1 to 48. 

* 

^ For further discussion of the proportion of stature to brain weight, the reader is referred to a 
paper by le Bon in tho Revue d'Anthropol. , 1879, and to one by the late Prof. J. Marshall. F.n.S.. ia 
the Journal of Anatomy and Physiology, July, 1892. 



THE DOEA MATER. 



THB KXUBBANIIB OF THE BBAIN Aim SFINAI. COBD. 

The cerebro-Bpiaal axis is covered hy three membranes, named also menutget. 
They are : — 1. An external fibrous membrane, named the dura mater, which lines 
the interior of the skull, and (orms a loose sheath in the spiral canal ; 2. An internal 
areolar and vascular tunic, the jiia maler, which closely covers the brain and spinal 
cord; and 3. An intermediate non-vascular membrane, the arachnoid, which lies 
over the pis mater, the two being in some places in close connection, in others 
separated oy a considerable space. 



THS DURA M&TBR. 

The dura mater is a very strong dense inelastic fibrons tunic of considerable 
thickness ('5 mm. or more in the cranium, less in the spinal canal). Its inner 
surface, turned towards the brain and spinal cord, is smooth and lined with 

Pig. 128.— Sbotiob tbrocob ihb place 
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and RcUiuB.) 
a, bundles o[ the nsrve-root beconiiDg 
collected into a single bunille &a thej 
eniergs ; b, dura mater ; c, arachnoid ; 
d, a reticular lamella of the arachnoid 
reflected along the nervB-root ; a, sub- 
dural apace : (', >', euharachnoid space. 

epithelium (endothelium), which " 
was formerly regarded as a parie- 
tal reflection of the arachnoid 
membrane, this having been ' 
generally looked upon as a 
serons membrane. The space 
between the dura mater and 
arachnoid was formerly in like 
manner regarded as the sac of 
the arachnoid, but is now con- 
veniently termed the subdural 
space. The outer surface of the 

dura mater is connected with the surrounding parts in a somewhat different manner 
in the cranium and in the spinal canal. 

In the cranium it adheres to the inner surface of the bones, and forms their 
internal periosteum. The connection between the two depends, in a great measni-e, 
on blood-vessels and small fibrous processes, which pass from one to the other ; and 
the dura mater, when detached and allowed to float in water, presents a flocculent 
appearance on its outer surface, in consequence of the torn parts projecting from it. 
The adhesion between the membrane and the bone is more intimate opposite the 
sutures, and also at the base of the skull, which is uneven, and perforated by 
nnmerous foramina, through which the dura mater is prolonged to the outer surface, 
being there continuous with the pericranium. The fibrons tissue of the dura mater 
becomes blended with the areolar sheath of the nerves at the foramina which give 
exit to them. 

la leaving the skull, the dura mater is intimately attached to the margin of 
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the foramen magnum, and below this to the cervical vertebrse as far as the third* 
Above the atlas it has an orifice on each side for the passage of the vertebral arteiy. 
Within the i*e8t of the vertebral canal it forms a loose sheath around the cord {theca)^ 
and is not adherent to the bones, which have an independent periosteum. Towards 
the lower end of the canal, a few fibrous slips proceed from the outer surface of the 
dura mater to be fixed to the vertebrae ; one such being especially well marked at the 
lower end, and seeming to join the anterior surface of the dura mater to the posterior 
common ligament of the vertebras (anterior ligament of the dura mater, Trolard). 
The theca ends opposite the second sacral vertebra in the adult (see p. 6). The 
space intervening between the wall of the canal and the dura mater {epidural space) 
is occupied by loose fat, by areolar tissue, and by a plexus of spinal veins. 

Opposite each intervertebral foramen the dura-matral theca has two openings, 
plaoed side by side, which give passage to the two roots of the corresponding spinid 
nerve. It is continued as a tubular prolongation on each nerve (fig. 128), and is 
lost in its sheath. Besides this, it is connected with the circumference of the 
foramen by areolar tissue. 

The fibrous tissue of the dura mater, especially within the skull, is divisible into 
two distinct layers, and at various places the layers separate from each other and 
leave intervening channels, called sint^es. These sinuses, which have been else- 
where described (Vol. II.), are channels for venous blood, and are lined with a 
continuation of the endothelium of the veins. The division into two layers is most 
complete at the base of the skull, in the middle fossa, and in the neighbourhood of 
the cavernous sinus ; on the outer side of this the Gasserian ganglion is included in 
a space {cavum Meckelii) between the two layers. Between the two cavernous 
sinuses the pituitary body is received into a depression of the membrane, which 
closely surrounds the organ in question, except where the infundibulum enters it. 
There is further a fissure immediately over the orifice of the aqussductus vestibuli, 
and here the prolongation of the membranous labyrinth of the ear, known as the 
saccus endolymphaticus, is received between the two layers. 

The dura mater also sends inwards into the cavity of the skull three strong: 
membranous processes or partitions. Of these, one descends vertically in the median 
plane, and is received into the longitudinal fissure between the two hemispheres of 
the cerebrum. This is the falx cerebri. The second is a sloping vaulted partition, 
stretched across the back part of the skull, between the cerebrum and the cerebellum, 
named the tentorium cerebelli. Below this, another vertical partition, named falx 
eerebelli, of small extent, passes down between the hemispheres of the cerebellum. 
Lastly, the portion of dura mater which stretches over the sella turcica, and pierced 
by a small hole for the inf andibulum, covers the pituitary body, is sometimes spoken 
of as the operculum or tentorium of the hypophysis. 

The fidz cerebri (fig. 129, 1) is narrow in front, where it is fixed to the crista 
galli, and broader behind, where it is attached to the middle of the upper surface of 
the tentorium, along which line of attachment the straight sinus is attached. 
Along its upper convex border, which is attached to the middle line of the inner 
surface of the cranium, runs the superior longitudinal sinus. Its under edge is 
free, and reaches to within a short distance of the corpus callosum, approaching 
nearer to it behind. This border contains the inferior longitudinal sinus. 

The tentorium cerabelli, or tent (fig. 129, 8), is elevated in the middle, and 
declines downwards in all directions towards its circumference, thus following? the 
form of the upper surface of the cerebellum. Its inner border is free and concave, 
and leaves in front of it a shield-shaped opening, through which the isthmus encephali 
extends. It is attached behind and at the sides by its convex border to the hori- 
zontal part of the crucial ridges of the occipital bone, and there encloses the lateral 
sinuses. Farther forward it is connected with the upper edge of the petrous portion 
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of the temporal bone — the superior pettoeal sinnB ruDDing along this line of attach- 
ment. At the point of the pars petrosa, the external and internal borders meet, 
and ma^ be eaid to intereeut each other — the fonner being then continued inwards 
to the posterior, and the latter forwards to the anterior clinoid proceRs. 

I'he fUx csraballi (falx minor, iig. 129, IS) descends from the middle of the 
posterior border of the tentorium, with which it is connected, along the vertical 



1, ftXx : % superior longitudinal einoB ; S, concave border of tbe falx ; 4, iaferior longitudinal 
■inns ; 5, bus of the !aix ; 6, etndght siuuB ; 7, anterior part of the falx ; 8, right aide of the ten- 
torium oertbelli, »een from helow ; 8, lateral sinua ; 10, superior petroeal sinus ; 11, inferior petrosal 
sinus; 12, posterior occipital sinus i 13, falx cerebelli j 14, 16, 16, 17, 18, second, third, fourth, 
firth, and sixth cranial nerTsi ; 19, seventh and eighth nerrea ; 20, ninth, tenth, and elerenth 
nerves; 21, twelfth DerTe ; 22, 23, first and second cerrical nerves ; 24, upper end of the ligamontum 
denticulatum. 

ridge named the internal occipital crest towards the foramen magnum, biftarcatin^ 
there into two smaller folds. Its attachment to the bony ridge marks tbe course of 
the occipital sinns or sinuses. 

Stractnra. — The dura mater consiBte of white fibrous and elastic tissue, arranged 
in bands and laminse, those of the two layers crossing each other obliquely for the 
most part in the cranial dui'a mater. In the fak and tentorium the bundles 
are arranged radially. It is not uncommon to find the cranial dnra mater 
ossified in parts : moat commonly in the falx cerebri. In the spinal dnra mater the 
bundles have a nearly longitudinal arraagement. A layer of flattened endothelial 
cells covers its inner surface, and also its outer surface between the places of 
adherence to the bones and sutures. A similar layer of cells also covers both sides 
of the spinal dnra mater. The cranial membrane is traversed by numerous blood- 
vessels which are chiefly destined for the honea, but there is a wide-meshed capillary 
network with peculiar ampullary enlargements, distributed near the inner surface of 
the cranial dura mater, and another network near the outer surface. The spaces 
between tbe fibrous trabeculie contain flattened connective tissne corpuscles which 
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frequently have an epithelioid arraDgement : these spaces, like those of connective 
tissue generally, doubtless serve for the passage of lymph. They can be injected 
from the epiduml space where this exists, and the injecting fluid can be forced along 
them through the thickness of the dura mater into the subdural space. They caa 
also be filled by inserting the injecting cannula into the substance of the membrane. 
Minute nervous filaments, derived from the fifth, tenth, and twelfth cranial nerves, 
and from the sympathetic, enter the dura mater of the brain to be distributed 
chiefly to the blood-vessels and to the bone, but partly perhaps to the membrane 
itself. Nervous filaments have likewise been traced into the dura mater of the 
spinal column. 

The arteries of the cranial dum mater are derived from various sources ; the 
principal are three in number, viz., the anterior, derived from the ethmoidal 
branch of the ophthalmic ; the middle, by far the largest, a branch of the internal 
maxillary ; and the posterior meningeal, a branch of the vertebral. There are also 
others derived from the ascending pharyngeal and occipital arteries. Their coarse 
and relations have already been described (see Vol. II.). Veins accompany these 
arteries, but others, mostly small ones, run independently and open into the venous 
sinuses. One sinus-like vein which accompanies the anterior branch of the middle 
menuigeal artery, communicates superiorly with the superior longitudinal sinus, and 
passes inferiorly either into the veins of the orbit, or into the diploic veins, or into 
the sinus cavernosus (Merkel). Communicating with the superior longitudinal 
sinus from its anterior end as far back as the beginning of the occipital region are 
a number of diverticula, from 0*5 to 3 cm. long, which form a series of venous 
lacunae (lacuru^ laterales of Key and Betzius) receiving the independent meningeal 
veins, and some veins from the diploe, and are invaginated by Pacchionian granula- 
tions (see p. 190). These venous lacunsa are not entirely confined to the region of 
the superior sinus, but some may occur in the neighbourhood of other sinuses, 
especially the lateral and straight sinus. 

Subdural space. — The space between the dura mater and the arachnoid^ which 
was formerly, when the latter was considered to be a serous membrane, known 
as the cavity of the arachnoid, is now more usually known under the above title. 
It is in most parts a narrow capillary cleft, containing but very little fluid, which is 
probably of the nature of lymph. Its contained fluid finds exit chiefly around the 
arachnoid villi (Pacchionian granulations) into the sinuses of the dura mater, but 
partly by way of the lymph-clefts in the sheaths of the issuing nerves, cranial and 
spinal (Key and Betzius). In animals it has been shown (by Schwalbe) that the 
space is also in communication with the deep lymphatic vessels and glands of the 
neck and loin. Coloured fluids injected into the subdural space are never found to 
pass into the subarachnoid space, the arachnoidal limiting membrane being every- 
where a closed one. Nevertheless, coloured fluids can be made to pass from the 
subarachnoid space through the arachnoid villi into the prolongations of the 
subdural space which surround those villi within the venous sinuses and lacunae, 
and thence into the sinuses themselves. This passage may, however, take place by 
filtration. 

THX PIA MATBR. 

The pia mater is a delicate, fibrous, and highly vascular membrane, which 
immediately invests the brain and spinal cord. 

Upon the hemispheres of the brain it is applied to the entire cortical surface of 
the convolutions, and dips into all the sulci, most of which thus contain a doable 
layer. From its internal surface numerous small vessels pass into the substance of 
the brain, and hence this inner surface is very flocculent, and is named iommhim 
cerebri. On the cerebellum a similar arrangement exists, but the membrane is finer. 
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and the donblB fold only distinct in the laifter sulci. The pia mater also at the 
transveree figeure is invagiiiated into the lateral ventricles and over the third 
ventricle (covered however by the epithelium of those cHvities), and there forms the 
velum interpositum or tela choroidca superior and choroiil plexuses. It is also 
prolonged over the posterior wail or roof of the lourth ventricle, where it forms the 
so-called tela choroidea inferior and ciioroid plexuses of that ventricle. 

The T0lnm mtorpoHtnm, or tala ohoroid«a ■nperlor, is a triaD(;nlar fold 
of pia mater, betweea the two layers of which arachnoidal tissue and bbod-vessela 
are coutained, wh'ch lies immediately nnderneath the fornix, and can therefore only 
be properly seen when this structure is cut thronirh nnd raisi:d {as in fij. 180). The 
velum ioterpositum is then seen to cover in the third vectiicle and to extend over 
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the adjacent upper surface of 
the optic chalamos on each 
side as far as the oblique 
groove which marks that sur- 
face (p. 110, and fig. 82). 
Tbe base of the triangle is 

continuous with the general pia mater at the back ;iinl sides of Ihe braiu, the apex 
ends just behind the anterior pillars of the fornix (at the foramen of Monro). Each 
side of the triangle is bordered by a choroidal plexus which projecte from under the 
edge of the fornix into the respective lateral ventricle ; behind, these plexuses are 
continued along the mesial border of the descending comu of the ventricle, where 
they are invaginat«d into the choroidal fissure, pi'ojecting over the fimbria ; in front 
they converge, becoming gradually smaller, to the foramina of Monro, between 
which they become united. From this united part two other smaller plexuses pass 
backwards along the under surfece of the velum interpositum, close to the middle 
line in front, but divei^ing behind {choroid plexuses of the third ventricle). 

The choroid plexuses are covered where they project into the cavities by the 
epithelium of the ventricles, ae is also that part of the velum interpositum which 
roofs in the third ventricle. Along the choroid plexuses a prominent vein, the 
choroid vein (fig. 89, p. 125), courses from behind forwards to join the vein of the 
corpus striatum and form the oonesponding vein of Galen at tbe foramen of Monro ; 
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the two Teins of Galen pass forwards from this point in the middle of the velum 
interpositum, diverging somewhat behind, but again converging and ultimately 
becoming united into a common trunk (veTia nuzgna Oalmiy fig. ISO, a) which opens 
into the straight sinus. In this course they receive several tributaries from the 
optic thalami and other parts. 

Tela choroidea ixiferior. — This name has been given to the layer of pia mater 
which, prolonged from the medulla oblongata, overlies the inferior half of die fourth 
ventricle and is reflected at the margin of the velum medullare inferius on to the under 
surface of the cerebellum. Like the velum interpositum, this also has two seta of 
choroid plexuses, mesial and lateral, which are continuous with one another in front. 
The mesial plexus extends forwards along either side of the middle line from the 
foramen of Ma^endie (p. 188) to where the tela is reflected along the edge of the 
inferior medullary velum ; here the mesial plexuses are continued into the lateral 
plexuses on either side, and these extend to the apertures (in the pia mater) of the 
lateral recesses of the ventricle (p. 48), 

On the spinal cord the pia mater has a very different character from that which 
it presents on the encephalon, so that it has even been described by some as a 
difl'erent membrane under the name neurilemma of ths cord. It is thicker, firmer, 
less vascular, and more adherent to the subjacent nervous matter : its greater 
strength is owing to an external fibrous layer, which is arranged in longitudinal 
glistening bundles. A fold of this membrane dips down into the anterior fissure of 
the cord, and serves to conduct blood-vessels into that part. A thinner process 
passes into the greater part of the posterior fissure. At the roots of the nerves, both 
in the spine and in the cranium, the pia mater becomes continuous with their 
connective tissue sheaths. 

The pia mater of the cord is thickened by a conspicuous fibrous band, running 
down in front over the anterior median fissure. This was named by Hdler, Unea 
splendens. 

Strocttire. — The pia mater of the cord consists of two layers, the outer one 
being composed of interlaced bundles of connective tissue, which are for the most 
part parallel and longitudinal, and the inner or intima of peculiar stiff bundles 
bending suddenly and enclosing somewhat angular interspaces. Both surfaces of 
thia inner layer are covered with endothelial cells, and there is a network of fine 
elastic fibres near the surfaces. On the cord pigmented cells are sometimes scattered 
among the elastic fibres. The outer aud inner layers are separated here and there 
by cleft-like lymphatic spaces communicating on the one hand with the subarachnoid 
space and on the other with the perivascular canals immediately to be mentioned. 
In the pia mater of the brain only the inner of the two layers of the pia mater of 
the cord is represented. 

The choroid plexuses are beset with a large number of highly vascular 
villous prolongations of the pia mater (choroidal villi), the larger of which are from 
1 mm. to 2 mm. long, but are subdivided into smaller secondary or even tertiary 
villi. Each larger villus has an afferent artery and efferent vein which open into a 
capillary network lying close to the surface. The free surface of the villi and of the 
depressions between them is covered everywhere by a simple flattened or cubical 
epithelium, which is ciliated in lower vertebrates, but in mammals is said to possess 
cilia only in embryonic life. Each cell very commonly contains a yellowish fat 
globule. 

The pia mater contains great numbers of blood-vessels, which subdivide in it 
before they enter the nervous substance. In the pia mater of the cord they lie 
between its two layers, but in that of the brain on the surface of the membrane, 
either projecting freely or covered by subarachnoid trabeculse. Further each vessel 
is enclosed by a sheath composed of a more dense arrangement of the fibres of the 
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membrane (pemaBcnlar Bheath). The diameter of the (lymphatic) canal thns 
formed may be coDBiderably larger than tliat of the contained vessel. A similar 
sheath, derived ftx>m the pia mater, accompanies the vessel into the substance of the 
brain. At its commencement it is loose and fnnneUghaped and can be injected from 
the subarachnoid cavity. On the cerebmm the inner layer of the pia mater is more 
closely adherent to the cortical substance of the convolutions, than on the oerebellmu, 
where a distinct space traversed by fibres exists between the tno. 

Verrei. — Purkinje described a reciform arrangement of fine nerve-fibres in 
the pia mater ; these are derived, according to Eolliker and others, fh>m the 
sympathetic, and from the third, fifth, sixth, facial, pneumogastric, glossophaiyngea}. 
and accessory nerves. Most of the fibres are destined in all probability for the 
blood-vessels. 

The spinal pia mater is supplied b; nerves from the grey rami commanicantes of 
the sympathetic. 



The arachnoid is a delicate membrane which is sitnat«d outside the pia mater, 
and invests the brain and spinal cord much less closely than that membrane. It 
passes over the varions eminences and depressions on the cerebrum and cerebellnm. 
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CO., central canal of the cord ; 
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close to the foramen of Hagenilie 
bj wluch that apace commaaicatee 
with the fonrth ventriele. 

without dipping down into 

the sulci and smaller 

grooves. Beneath it, be- 
tween it and the pia mater, is a space (subarachnoid space) in which is a considerable 
quantity of fluid (subarachnoid fluid), and in which are seen the larger blood-vessels 
passing obliquely towards the brain. 

The Bubaraoluioid apace is larger and more evident in some places than in 
others. Thus, in the longitudinal fissure, the arachnoid does not descend to the 
bottom, but passes across, immediately below the edge of the falx, at some distance 
above the corpus callosum. In the interval thus left, the arteries of the corpus 
callosum mn backwards along that body. At the base of the brain and in the 
spinal canal there is a wide interval between the arachnoid and the pia mater. ' In 
the base of the brain, this subarachnoid space extends in front over the pons and 
the interpeduncular recess as far forwards as the optic nerves, and behind it forms 
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a considerable iDterval between tbe cerebellum and the back of the medulla 
oblongata (fig. 131). In the spinal canal, where it surrounds the cord, it is of 
considerable extent. It is occupied, in both brain and cord, by trabecular and thin 
membranous extensions of delicate connective tissue, connected on the one hand 
with the arachnoid, and on the other with the pia mater. This tissue is most 
abundant where the space between the two membranes is least. It is dense in the 
neighbourhood of the vessels, and is continuous with the tissue of their walls. In 
several places therefore the arachnoid is separated by larger intervals than at otlier 
parts from the pia mater. 

The spaces which are thereby produced are termed oistema araohnoidales (reservoiiB of 
enbarachnoid fluid). They have been studied especially by Key and Eetzius, and by Buret. 
The principal are situated at the base of the brain. The largest (eistema cerebello-medullaris) 
lies between the middle part of the cerebellum and the medulla oblongata, and is directly 
continued from the subarachnoid space of the cord. Others lie in front and at the sides of 
the medulla oblongata and pons (c. pontis media s, htuHaHg and c. pontu laterals'), below the 
interpeduncular space (c. interpeduncularis)^ over the cerebral peduncles (o.o. peripedvnculares), 
behind the optic chiasma (c. ohiasmatu\ in front of the chiasma (c. lamina cinerea)^ in the 
fossae Sylvii (^e,c. fossa Sylrii), and over the corpus callosum (<?. corporis callosi). These are 
aU in free communication witii one another, being only partly separated by imperfect septa of 
arachnoid tissue. They receive the subarachnoid clefts (Jlv/mina) which follow the course of 
the great fissures (Rolandlc, Sylvian, parallel, &a), and which themselves receive the cleft« 
which follow the course of the secondary and tertiajy fissures (Hvi and rivuli of Duret). 

The subarachnoid space communicates with the ventricles of the brain by means 
of the foramen of Magendie (fig. 131,/Jf ), an opening into the lower part of the 
fourth ventricle, through the pia-matral expansion (tela choroidea inferior) which 
covers the ventricle ; through apertures in the lateral recesses, one on each side, 
behind the upper roots of the glossopharyngeal nerve, in the pouch-like extension 
of the membrane beneath the flocculus ; and perhaps also at the clefts described by 
Merkel in the descending oornua of the lateral ventricles (see p. 126). 

The cerebro-spinal fluid is lodged in the subarachnoid space in the meshes of 
the trabecular tissue, and since this space communicates with the ventricles of the 
brain, the fluid within these must be regarded as of the same nature. It difPers 
in many respects &om ordinary lymph (compare Halliburton, Cerebrospinal Fluid, 
Journal of Physiology, Vol. X.). 

The spina] subarachnoid space (fig. 182, k, T) is divided by an imperfect fibrous 
septum on either side termed the ligamentum denticulatum (^) into anterior and 
posterior portions. As was pointed out by Magendie there also exist a sort of septum 
dividing the subarachnoid space at the back of the cord {septum posticum) (c)y the 
relations of which have been carefully studied by Axel Key and Gr. Retzius. It is a thin 
membranous partition, which passes in the median plane from the pia mater covering 
the posterior median fissure of the cord to the opposite part of the loose portion of 
the arachnoid membrane. It is most perfect in the cervical region, being incomplete 
below. It consists of numerous fine lamellaB, enclosing between them small spaces, 
within which run the larger blood-vessels. Subarachnoid trabeculee also connect the 
nerve-roots with the inner surface of the arachnoid, and in the dorsal region fine 
membranous trabeculae extend between the posterior nerve-roots and the posterior 
septum. In most parts however the subarachnoid trabeculae are far less developed in 
the spinal canal than in the cranium. 

The nerves as they pass from the brain and spinal cord receive their perineural 
covering from the pia mater, and, in addition, two looser sheaths, an outer from the 
dura mater, and an inner from the arachnoid (fig. 128). Upon the optic nerve 
these sheaths remain distinct and separate, so that the space which each encloses 
may be injected, the outer from the subdural, the inner from the sub-arachnoid space. 
On the other nerves the arachnoidal sheath soon ceases, and the single sheath eventually 
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blends with both the epineurinm and peritieuriam of the nerves. Accordingly it i& 
found that injection driven into either the Bubdnml or the Bnbarachnoid space passes 
readily along the nerves even as far as the limbs. There thus exists a continuity 
between the ventricles of the brain, the subarachnoid space, and the lymphatic 
spaces within the nerve-Bheathi^. 

Stractnr*. — When examined under the microscope, the arachnoid membrane is 
found to consist of distinct riband-like bundles of line fibrons tissue interlaced with 
one another. The intervals between these bundles are filled np by delicate 
membranes, composed of expanded cells, the nuclei of which persist and are scattered 
over the structure. Several layers of this tissne, arranged in a complex way. 

Fig. 132.— Skctiok oy thb bpinal cobd 

DORSAL BEOioH). (Key uul RaUios.) 

Magnified. 
a, dura mftter ; b, ftcaiihnoid ; e, sep- 
tum poaticum ; d, e, f, gubancliDOiil 
trabecule, tbow at /, /, supporting bun. 
dies of It posterior nerve-root ; g, liga- 
mestum denticnlBlnm ; k, imrtioDa of 
bundieB of an anterior nerve-root ', t, I, 
enbarachnoid apace. 

constitute the ai'achnoid mem- 
liraue proper. Tlie Bubarachnoid 
trabecule consist of bundles of 
similar line fibrillar tissue, each 
of which is surrounded by a deli- 
cate nuclented sheath, also com- 
posed of cells, and continuous 
"itli the intertrabecular cell- 
membranes of the arachnoid it-telf. The finer trabecule when swollen by acetic 
acid very frequently show the well-known ring-like constrictions. The subai-achnoid 
membranous expansions have a similar structure. In the spinal arachnoid the 
fibril-bundles have for the most part a longitudinal direction. 

Volkmann described a rich plexus of nerves in the arachnoid membrane of 
certain ruminants. Koliiker failed to detect their presence ; but they have been 
again described by Bocbdalek, who traces them to the portio minor of the fifth, the 
facial, and accessory nerves ; and they have likewise been followed by Luschka. 

Ligamentum dsutioalatnin. — This is a narrow fibrous band which runs along 
each side of the spinal cord in the subarachnoid space, between the anterior and 
posterior roots of the nerves, commencing above at the foramen magnum, and 
reaching down to the lower pointed end of the cord (fig. 133, 9, and fig. 132, y). 
By its inner edge this band is connected with the pia mater of the cord, while its 
outer margin is widely denticulated ; iis denticulationa are attached by their points 
to the inner surface of the dura mater, and thus serve to support the cord along 
the aides, and to maintain it in the middle of tlie cavity. The first or highest 
denticnlation is fixed opposite the margin of the foramen magnum, between the 
vertebral artery and the hypoglossal nerve (shown in fig. 182 of Vol. II.) ; the others 
follow in order, alternating with the successive pairs of spinal nerves. In all, there 
are about twenty-one of these points of insertion, but the lower six or seven arc less 
regular. The points of the lower denticulationa are prolonged into threads, and 
ascend slightly to their attachments. At the lower end, the ligamentum denticu- 
latnm may be regarded as continued into the terminal filament of the spinal cord, 
which thus connects it to the dura mater at the extremity of the sheath. The free 
edge, in the intervals between the denticulations, is slightly thickened, and in many 
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parts L8 closely applied to the inner sarfoce of the arachnoid, vith which it is ofteo 
directly connected by fine trabeculffi. The dentlcnlationa do not perforate the 
arachnoid but receive from it funnel-shaped sheaths, which accompany them to the 
inner sarface of the dnra mater (Axel Key and Retzius). 

In structure the ligament consiBts of white fibrous tissue, mixed with man; 
exceedingly fine elastic fibres. Several layers of fine connective tissue trabecolee 
may be traced ; they are surrounded by sheaths, which are composed of delicate 



Fig. ISS.— VlIW ntOH BSSSKD Of THI inDii 

(S«ppej.) J. 
The dim-matral ghtatli hta been opened b; a, medwD indsion and n stretched t« either side. In 
the upper and middle parts (A and B) the poBteriornerre-nwts tare been removed to ghow the ligamentum 
denticu latum. 1, fourth ventricle : 2, 3, 4, cerebellar pedunctea; S, ehivu* ; 6, T, S, roateof glono- 
pharyngeal, lagna, and accessory nerves ; S, paints of ligamentuni denticulatum ; 10, line of entnunce of 
poaterior roots into spinal cord : 1 1 {in b), posterior median fisaure ; 12, ganglia ; 13, cut anterior ruote ; 
14, mixed nerve ; IS, 16, filum terminale ; 17, cuuda equina. 

nucleated cells, and here and there expand into membranes. Its tissne is continuous 
on the one hand with that of the pia mater, and at the apices of the denticulations 
with that of the dura mater. 

OlutdvLs Facobionii or arachnoidal Tilli. — Upon the external snr&tce of the 
dnra mater, in the vicinity of tbe longitudinal sinus, are seen numerous small pulpy 
looking elevations, generally collected into clusters, named glands of Pacchioni 
(fig. 184). The inner surface of the calvaria is marked by little pits, which 
receive these prominences. Similar exerc^encefi are Been on the internal surface of 
the dura mater, and upon the pia mater on each side of the longitudinal sinus, and 
also projecting into the interior of that sinus («). Occasionally they are found 
also in other situations. 

On a careful examination of the connections of these bodies it will be found that 
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the elevatiODs foand on the oater sorface ol' the dare mater and within the 
loDgitndinal bidus, in no instAnce take origin in those poEitiona, but that they are 
grape-like bodies which are attached more deeply, and in their growth have 
invaginated the dura mater. Their precise origin and nature were long the subject 
of conflicting opinions, but it has been Batisfactorily shoivn by Luschka that they are 
Tilli of the arachnoid. On each side of the sinus, and communiisating with it, are 
lai^ venous spaces in the dura mater (lacunBe lateralee, see p. 184) ; into these the 
villi project even in new-born animala, and those which appear to perforate the dura 



Pig. 134.— SlOTlOB or TKl DPP»B PART 0» THU BttAIN AMD JltlTTHOBg TO BKOW 

IBB ARACHNoioAL VILLI. (Kcj und RetiluB.) Magnified. 

e.e., corpus oUlosiim ; /, f&lz oenbri ; l.a., Bubanchnoii] space, pemded bf a netirork of fins 
k»b«calB ; from it the fnagiEorm fill! srs seen projecting into the latenl lacnaie of the dura mater. 
Some are projecting into the guperior longitudinal sinus. 

mater and appear on the surface have their inner parts in these spaces. Each vilhis 
is covered by a membrane, contiauous with the arachnoid. Outside this is another 
fine membranous sheath, derived Ibim the dura mater, and the interval between the 
two ia continuooB with the subdural space. Within the villus is a spongy tmbecular 
tissne, continuous with the subarachnoid tissue, and of similar structure (Key and 
Retzins). 

Fluid injected into the subarachnoid space passes fteely into the Pacchionian 
bodies, and is Eonnd after a time to filter through their walls and thus to get into 
the subdural space, although there does not appear to be any open communication 
between the interior of these bodies and the prolongation of the subdural space 
which surroands them. Moreover, if the injection is continued it can be driven 
even into the interior of the venous sinuses and lacunce which are found in connection 
with them, especially into the superior longitudinal sinus, into which the aracbnoidu) 
villi project. So that these villi seem to afford a means of passage of the cerebro- 
spinal fluid from the subarachnoid space into the venous sinuses, when the fluid 
pressure in the subarachnoid space becomes from any cause increased above 
the normal. 

BIiOOD-TXBSBIifl OF THB BRUlt UXD SPIMAI. OOBD. 

Blood inpply of the spinal cord. — The arteries of the spinal cord are (1) the 
anterior spinal, double above where it is derived from the vertebrals, but single and 
median below where it is reinforced by a series of small vessels derived from the 
vertebral, intercostal, lumbar, and other arteries, and passing to the cord along 
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the anterior roota, and (2) the paired posterior spinal arteries, similarly derired from 
the vertebrals, intercostals, and other arteries, and running just in front of the ItDC 
of attachment of the posterior roots. Another small longitudinal anastomotic chain 
formed by branches of the posterior spinal runs along just behind the line of the 
posterior roots.' The branches of these vessels ramify in the pia mater investing the 
cord, communicating with one another to form transverse anastomoses, aud from the 
main vessels find their ramificiitions vessels pass in to supply both the grey and 
fvhite substance. 

The small entering brunches may be described as forming two systems, a 
centrifugal and a centripetal. The first is composed of a series of arterioles, 
{cmfral arterioles, Ross), wo to 300 in number, which pass from the anterior spinal 

Fig. 131. — SBHIDIiailAIIHlTia HIPRKSINTATIOa 

steiner.) 
a.t.a., anterior ipioal Mteiy ; c, a centraJ 
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artery into the anterior median fissore, 

penetrating to the anterior commissure. 
Here each one passes either to the right 
or left, aud divides into smaller arteries 
and capillarita for the central parta of 
the corresponding crescent of grey 
matter; but a considerable ascending 
and descending ramuscule is also given 
off, and these overlap in their distri- 
bution the corresponding longitudinal 
branches of the adjacent central arte- 
rioles. Although mainly disti-ihuted to the central parts of the grey matter the 
central arterioles may also send brauches to join the capillaries of the white matter. 
The second or centripetal set has a converging or radial arrangement, passing in 
from the periphery. Some of these simply form capillary loops, which supply the 
superficial layers of the cord. Others are distributed to the white matter, where they 
form comparatively large-meshed longitudinal plexuses. But the most considerable 
of the centripetal arteries penetrate to the grey matter, and pour their blood into the 
close capillaiy network which pervades it, supplying the parts not served by the 
centrifugal vessels. The capillai-ies of the substantia gelatinosa are less numerona 
than in the rest of the grey matter, and their meshes arc mostly longitudinal 

Special mention may be made of a series of small median arterial branches which 
enter the posterior fissure, penetrating in it to the posterior commissure, and giving 
off brandies which supply the adjacent parts of the posterior white columns and 
Clarke's column, where this is found ; and of the vessels which enter the grey matter 
with the bundles of the anterior and posterior nerve-roots, and are distributed to the 
corresponding comua. It would appear however that no one part is supplied by only 
one set of arterioles, nor ia any one set of arterioles confined in its distribution to 
' For the origin and coarse of the spinal arteries see Vol. II., pp. 421 and 422. 
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any one white column or group of cells in the grey matter. At the same time it 
should be noted that within the cord itself (.as witliin the brain), all the arteries arc 
'* terminal arteries/' in Cohnheim^s sense, that is to say, they do not anastomose with 
other arteries, but each one terminates in its own capillary area, and supplies no 
other. There is however much variation in the extent of the capillary area supplied 
by any of the arterial branches, and no definite statement can be made concerning 
the exact region supplied by any set of arterioles (Kadyi). 

The origin and course of the veins of the spinal cord have been described 
in Vol, II., pp. 533, 534. The mjat considerable are two longitudinal median 
vessels, one running along the anterior median fissure along with the anterior spinal 
artery, and another over the posterior median fissure, unaccompanied by any 
considerable artery. Both of these median veins have a tortuous course, and the 
posterior one is frequently broken up into a kind of venous plexus, with longitudinal 
meshes, which extends over the whole posterior surface of the cord. There is also 
a less perfect lateral anastomotic chain lying behind the line of exit of the anterior 
nerve roots. All these vessels communicate freely with one another by lateral offsets. 
They receive the venous blood from the cord on the one hand, and on the other hand 
carry it away by veins which accompany, at frequent intervals, the nerve roots. In 
the upper part they join the veins of the cerebellum and pons, and the venous 
sinuses around the foramen magnum. Within the cord their branches anastomose 
frequently. The vein accompanying the anterior spinal artery receives, like that 
vessel, very numerous tributaries from the anterior median fissure {central venules): 
these carry away a large part of the blood from the grey matter ; the peripheral 
venules, which enter the veins of the pia mater which covers the general 
surface of the cord, chiefly carry away the blood from the capillaries of the white 
matter. 

Blood-supply of the brain. — The origin and course of the vessels which supply 
the brain have already been described in the section Angeiology, Vol. II. pp. 411 to 
415 (arteries), and 519 to 524 (veins). In passing to their distribution the several 
arteries, having passed across the subdural space, enter the subarachnoid space and 
then divide and subdivide into branches, which, in their further ramification on the 
nervous centres, are supported by the pia mater, and, it may be remarked, are more 
deeply placed in the various fissures and sulci than the small veins, which do not 
accompany the arteries, but pursue a different course, and are chiefly seen upon the 
surface of the pia mater. From the arteries in the pia mater of the hemispheres 
very numerous small branches pass vertically into the grey matter of the convolutions. 
Most of these {cortical arteries) at once break up into a close plexus of capillaries for 
the grey matter ; but others {medullary arteries\ larger but less numerous, pass 
through the grey matter, giving off only a few small branches to it, and penetrate 
for some distance into the medullary centre, where they divide into a long-meshed 
capillary network. The smaller branches of arteries anastomose together to a 
certain extent in the pia mater before penetrating into the superficial grey matter 
(Huebner), but the branches which pass to the chief ganglia, such as the optic 
thalamus or corpus striatum, do not anastomose with one another. 

Moreover, it is to be observed that, whilst the. main branches of the arteries are 
situated at the base of the brain, the principal veins tend towards the upper surface 
of the hemispheres, where they enter the superior longitudinal sinus, most of them 
looping fonvards as they pass into the sinus, and often entering the dura mater 
a short distance from the sinus, but more usually having a free course, sometimes 
of considerable length, through the subarachnoid space in passing from the pia into 
the dura mater. The veins of Galen, coming from the lateral ventricles and choroid 
plexuses, run backwards to the straight sinus, in the subarachnoid tissue which lies 
between the two layers of the velum interpositum. 

VOL. III. o 



It may be conrenieat here to recapitulate the Boarcea of the blood snpply to the 
aeveral parts of the encephalon. 

The medulla oblongata and potui Varolii are supplied by branches from the 



Fig. 136. — Thi ABTBBIE9 OF VKt Bi.SK OF THi CKKBBBDH. (G-. D. T., aft«r Dorct, ftod from natllTC.) 
On the left side of the bnjp the tempami ]ob« it cut avsj so aa to open the inferior and pmterior 

horuB of the lateral ventricle. The mid-brain is divided does above the pone and tbe pwteriar cerebnl 
arterieB are cut At their origin from the basilar. 

Centi-al arterirt (to the baHal ganglia] : am, antero-mesial group arising from the anterior eerebiml ; 
at, aotero- lateral group, from the middle cerebial ; pm, pi (on the optic thalamus), pa«len)-mesial and 
poHtflro-latei^ gi'oupa, from the poeberior cerebral. 

ClioroidiU arifriis : a ch, anterior, from the internal carotid ; p <:A (on the spleninm), posterior, from 
the posterior cerebnii. 

PerifAa^ arteriei: 1, 1, inferinr internal frontal, from the anterior cerebral ; 2, inferior external 
frontal ; S, ascending frontal ; 4, nscending parietal, and 5. temporu-parietal, from the middle cerebntl ; 
S, anterior temporal, 7, posterior temporal, and 8, occipital, from the posterior cor«bnLl. 

anterior spinal, the vertebral, the basilar, and the posterior cerebral arberiea. The 
branches eater the pons and medulla oblongata in two set^, lateral or radicnltu- 
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Ifollowinij tlie roots of the nerves), and median,— the latter passing in the raphe 
to the grey matter on the poBterior surface. The valve of Vieusaena and the 
superior peduncle of the cerebellum receive twigs from the superior cerebellar 
arteries. The choroid plexuses of the fonrth ventricle are supplied by the inferior 
cerebellar arteries. 

C«stibtUvm.~ThB under surface is sapplied by the inferior cerebellar arteries 
from the vertebral, and the anterior from the basilar. The upper surface is supplied 
chiefly by the snperior cerebellar arteries from the basilar : its posterior portion 
from the inferior cerebellar. 

The onm CArabri derive their blood supply from the posterior commnnicating 
and the posterior cerebral arteries. Branches of the latter, and also others from the 
end of the basilar, enter the posterior perforated space, 

The oorpora qnadrig«miii» and corpora ffenionlate are both anpplied by the 
posterior cerebral artery, but branches of the superior cerebellar arteries pass to the 
inferior corpora qnadrigemina. 

The optic tlialftmiu is anpplied above and on the outer, inner and posterior 



Fig. 187.— tJoBTiciL DiBTBreoTioir Of THE mDDLs CRHGBIUL ABTiBt. (Q. D. T., ifler Chireot.) 
DUgTBinmBtic. 
OEHT., antera-l&tenl groap of central ftrterics : I, infnrior external frontal arteiy ; 2, ascending 
frontal wtery ; 3, »Boending parietal artarj' ; 4, pirieto -temporal arterj. 

sides by branches of the posterior cerebral artery, bat its anterior and inner 
portion receives twigs from the posterior commnnicating arteries of the circle of 
Willis and its anterior and outer portion ii-om the middle cerebral. 

C«nbral "havidKphvrvm.— Frontal fofte.— The superior frontal and anterior two- 
thirds of the middle frontal convolution, with the upper extremity of the ascending 
frontal, are supplied by the anterior cerebral. Tho inferior frontal convolntion, the 
posterior extremity of the middle frontal, and the greater part of the ascending 
frontal convolutions are supplied by the middle cerebral. The orbital surface is 
supplied, outside the orbital sulcus, by the middle cerebral : within that suIcdb 
(inclading the olfactory bnlb) by the anterior cerebral. 

Parietal lobe. — A.11 the convolutions of the parietal lobe are usnallj supplied 
by the middle cerebral artery. 

Occipital lobe. — This lobe is anpplied entirely by the posterior cerebral artery. 

Temporal lobe. — The superior and upper parts of the middle temporal convo- 
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i, kteral ; b, mesial aspect ; c, basal aspect. 
The area «npplied b; tbe middle ceiebral frequenti; extenda to the npper boHar oE the bemispben 
Id tba region of tbe parietal lobe, and therefore Bomewhat furtber than ia represented in A. 
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IntionE are supplied by the middle cerebral arteiy. The lower portion of the lobe 
by the posterior cerebral. 

Inner surface of the hemispheres. — The whole anterior and upper portion, as far 
bock as the parieto-occipital fissure, is supplied by the anterior cerebral artery ; the 
cDneate lobale and the occipito-temporal region by the posterior cerebral. 

The distribntion of arteries to the several parts of the cerebral cortex is 
illuetrated in the accompanying diagrams (fig. 138). 

The corpus calloaum la chiefly supplied by the anterior cerebral. 

The grey aubxtance at Uie base of the cerebrum is sapplied by small twigs from 
the adjacent vessels of the circle of Willis, or from the roots of the cerebral 
veeaels which pass off from the anastomosis. 

Cenlral parts — carpiu striatum. — Both nncleus caudatus and nucleus lenticnlaris 



are sapplied almost exclusively by the middle cerebral artery, the numerous branches 
to these parts entering through the foramina in the anterior perforated space 
{fig. 136). They are divided by Duret into lenticular, lenliculo-slriale, and lenltculo- 
optic (ienticulo-thalamic). These pass directly to their destination without anasto- 
mosing with one another, and traverse the zones of the lenticular nncleus and the 
internal capsule, to terminate finally in the caudate nucleus and optic thulamns 
(fig. 139). Oue in particular of the lenticulo-sLriat« arteries which passes through 
the outer part of the putamen is very frequently the seat of hiemorrhage, and 
it has accordingly been termed by Charcot the " artery of cerebral hsemorrhage " 
(fig. 139, ar). 
The anterior part of the caudate nucleus is also supplied by the anterior cerebral, 
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and its upper surface receives fine twigs from the lateral choroidal branch of the 
posterior cerebral. 

The choroid plexuseg of the lateral venlrkles are supplied (1) by the anterior 
choroid branch of the internal carotid which passes obliquely backwards and out- 
wards, and enters the choroid plexus at the anterior end of the descending oomu, 
supplying two-thirds of the pleius of the lateral ventricle ; (2) by the postero- 
lateral choroid artery, a branch of the posterior cerebral, which supplies the 
remaining third of the plexus. The choroid plexua of the third vmtrKh is 
supplied by a branch (postero-mesial) of the posterior cerebral. The velum 
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TBI LEDtlODLO-ariUlTE IND LBNTICDLO-TQlLAHia ABTCIIIES. [E. A. 3.) SisglUUmalJi;. 

cc, corpm callosum ; /o., fornix ; a.c. Ulterior commisaiira ; a, corpuB aJbicami ; i, infuDdibulnm ;. 
eh., chiasma ; tr,, optic tract ; r.Z. , laternl Tentride ; n.c, nncUue cauiintiu ; n./., nucleni lentica- 
laiu ; Ih., th&laiuiu ; c.i., intenial capsule ; d.. ctauBtrum ; ant., nucleus unjgdalc ; aboTO x, arteiy 
of heemoirhaec. (The plan of tbe section is copied from Merkel.) 

mlerpoaitum is also supplied by the two last-named branches of the posterior 
cerebral. The parts in the quadrilateral space at the base of the brain inclnding 
the chiasina, the infundibulum and the corpora mamillaria receive branches directly 
from the circle of Willis. 

For further details on the subject, which derives importance from the relation 
of different local pathological conditions to the vascular distribution, the reader is 
referred to a series of articles by Duret in the Archives de Physiologie for 1878 and 
187i, to a paper by Heuhner in the Med. Centralblatt, 1872 ; and to a work 
entitled " Die luetiscbc Erkrankung der Himarterien," Leipzig, 1874, by the same 
author. 

LTmph-pathm of the brain and spinal oord. — Neither tlie bmin nor tb« spinal cord 
poseesses tme Ijiaphatia veEHels. The l;niph finds its way ont of these organs hj means of 
periTBscahiT apaces in the tunioa adventitia of the blood-vesaels ; these perivascular spaoea 
commonioate with the iubaraohuoid space at the surface of the brain and cord (Key and Retsins). 
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Abducent nerve. See Nerve, sixth. 
Aberrant bundle of medullary stnie, 50 
Accessory auditory nucleus, 55, 60 

cuneate nucleus, 53 

ilocculi, 76 

nucleus, 20, 55 

olivary nuclei, 57 

va^l nucleus, 55 
Acervulus cerebri (dim. of accrvus heap), 114 
Acoustic tubercle, 50 

AfTenspalte (German, ape-fissure V 143, 150, 151 
Age, influence of on brain-weight, 178, 180 
Ala cinerea (grey wing), 50 

lobuli centralis, 71, 73, 82 
Algieri on tracts of Bin*dach, 32 
AlveuH (trough), 158, 172, 173 
Amygdala cerebelli {amygdala, tonsil), 74, 76, 82 
Amygdaloid nucleus, 124, 131, 135, 160, 169 
Amygdalo-uvular lobe, 76 
Angle, Rolandic, 143 

Sylvian, 142 
Angular gyrus, 151, 153 
Aunectent (connecting) gyri, 143, 144, 145, 146, 

147, 148, 149, 150, 151, 152, 153, 156 
Anna (loop) lenticularis, 103, 112, 114, 135, 164 

peduuculaiis, 112 
Anterior column of cord, 9, 12. 22, 65 

commissure of brain, 38, 98, 131, 135, 156, 

160, 164 
of cord, 6, 7, 10, 18 

marginal bundle, 25 

pillars or columns of fornix, 97, 113, 116, 
129, 131, 158 

pyramidal tract, 24, 31, 32, 45 

roots of spinal nerves, 19, 32, 94 
Antero-lateral ascending tract, 24, 25, 32, 34, 

65, 85. 103. 104 
descending tract, 24, 25, 32, 86, 93, 94 

ground bundle, 26, 32 
white columns, 9, 24, 31, 32, 64, 86, 95, 104 
Apex cornu postcrioris, 8 
Aqueduct, nucleus of, 65 
Sylvian, 96 

central grey matter, 96, 98 
epithelium of, 96 
Arachnoid {i^x^i spider or spider's web) mem- 
brane, I, 3, 137, 181, 187 
Arachnoidal villi {villus, tult of hair), 184, 190 
Arbor vitce (from resemblance to shrub so 

called) cerebelli, 71, 74, 76, 78 
Arched or arcuate fibres, external or superficial, 

44, 45, 58, 59 
internal or deep, 53, 

58, 93, 95- 104 
Arcuate sulci of cerebelluiu, anterior, middle 

and posterior, 75, 77 

AreaofBroca, 159, 160 

Areas of medulla oblongata, anterior, 43, 45 

lateral, 43, 45 
posterior, 41, 43 



Arteries, cortical, 193 
of dura mater, 184 
lenticular, 197 

lenticulo-optic (lenticulo-thalamic), 197 
lenticulo-striate, 197 
meduUaiy, 193 
of spinal cord, 191 
Arterioles, central, 192 
Artery of ** cerebral haemorrhage," 197 
Ascending auditory fibres, 63 

cerel^Uar tract. See Cebebellaii Tract. 
degeneration, 24, 27 
frontal gyrus, 148, 163 
parietal gyrus, 143, 148, 150, 151, 163 
root of fifth nerve, 52, 63 
tracts, 25, 26 
Association-bundle, anterior, 165 

inferior, 165 
superior, 165 
fibres, 158, 163, 165, 169 
of cerabellum, 84 
Auditory nerve. See Nerve. 
nucleus, 104, 106 

accessory, 55, 60 
inner or dorsal, 56, 62 
outer or superior, 56, 62 
ventral, 56, 63 
connections of, 103, 104, 106 
Auerbach on degeneration in s}unal cord, 34 
Australians, brain-weight of, 180 
Axis, cerebro-spinal, I 



Baillarger on grey cortex, 177 

lines of, outer and inner, 167 
Hand, furrowed, 76 
Basal ganglia, 163, 172 

optic ganglion, 116, 120 
Basis pedunculi, 100 
Basket cells, 89, 91 
Bechterew on connections of upper olive, 60 

fillet, 65 
Beevor on cinguluni, 158 
fornix, 129 
lyra, 151 
Bellonci on optic lobes of birds, 107 
Benedikt on brain of criminals, 161 
Bergman n's fibres, 87 
Bigeminal bodies, 106 
Birds, cerebellum of, 69 

optic lobes of, 107 
Bischoff on bi*ain-weiirht, 1 78 
Bi ventral lobe of cerebellum, 74, 76, 82 
Blood- vesssels of brain and cord, 191 
Bochdalek on nerves of arachnoid, 189 
Body of fornix, 129, 158 
Bod V- weight, relation of brain- weight to, 178 
Boraering gyrus, 159 
Bonlera of cerebral hemisphere, 137 
Boyd on brain- weight, 178 
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Brachial onlar^ment of cord, 5 
Brachinm conjunctivum (connecting arm), 103 
of quadiigeminal body, 105, no, 1 11, 
117 
Brachycephalic {^pax^s, short *, xc^a\4 head) 

pel-sons, brains of, 176, 177 
Brain, i, 38. See also Cerkbrum, Cerebel- 
lum, PoKs, and Medulla oblongata. 

blood-vessels of, 191, 193 

commissures of, i, 38 

dimensions of, 176 

divisions of, 38 

literature of, 199 

lymphatics of, 198 

measurements of, 176 

membranes of, i, 181 

ventricles of, 38, 47, 96, 97, 122, 188, 189 

weight of, 178 
Brain-sand, 114 
Broca, area of, 159, 160 

on brain -weight, 178 

on graude lobe limbiqiie, 155 
Bulb. Su Medulla oblongata. 

of fornix, 115 

olfactory, 145, 159, 174, 195 

of posterior horn of lateral ventricle, 124 
Bulbus rhachiticns {P^x^s, backbone), 38 
Bundle, olfactory, of comu Ammonis, 158 

posterior longitudinal, 58, 65, 66, 86, 93, 

94, 95»99. 102, 109, 114, 119 
Burdach, tract of, 26, 28, 32, 44 



Caouminate {caeummt tip) lobe, 74, 77, 82 
C%jal on collateral fibres, 21 

on moss-fibres, 91 

on optic lobes of birds, 107 

on spongioblasts and neuroblasts, 14 

on zone of superficial granules, 92 
Calamus scriptorius (writing pen), 47 
Calcar avis (bird's spur), 124, 144 
Calcarine fissure, 124, 143, 144, 172 

posterior, 144 
Callosal fissure or sulcus, 127, 156 

gyrus, 15s, 156, 158, 160 
Calloso-marginal hssure, 145, 146, 148 
Calori on grey cortex, 177 
Canal, central of cord, 9, 10, 19 
Capsule, external, 134, 135, .164 

internal, 100, loi, 104, ixi, 114, 119, 12S, 
131, 132, 133, 13s, 136, 163, 166, 169. 
172, 197 
Caput cornu (head of horn), 8, 51, 52 
Cat, ganglion cells of anterior nerve-roots of, 3 

pyramidal tract of, 25 
Cauda equina (horse's tail), 3 
Caudate {cavda, tail) nucleus, 124, 131, 134, 

135, 136, 197 
Causation of fiyn and sulci, 162 
Cavum (a hoUow) Meckelii, 182 
Cell-columns of cord, 14 

of anterior horn, 14 

Clarke's, 16, 34, 86 

lateral, 16 

middle, 17 

of posterior horn, 17 

posterior vesicular, 16 
Colls, degeneration of, 24 

of Deiters, 13 

outlying, 17 

solitary, 17 



Central arterioles, 192 

canal of cord, 9, 10, 19 

grey matter of mid-brain, 65, 96, 98 

gyn, 143, 148, 149, 150 

ligament of cord, 2, 5 

looe of cerebral hemisphere, 133, 135, 145, 

154, 177 
cerebellum, 71, 73, 77 
nucleus, oculomotor, 99 
sulcus, 143 

tract of tegmentum, 60 
venules, 193 
Centre, medullary, of cerebral hemisphere, 163 
Centres, kinesthetic, 163 
psychomotor, 163, 172 
for special senses, 163 

visual, connection with cord and bulb, 1 19 
inter-connection of, 1 19 
connection with oculomotor nuclei, 
119 
Centrifugal arteries of cord, 192 
Centripetal arteries of cord, 192 
Cerebellar notch, anterior and posterior, 70 

tract, antero-lateral descending, 24, 
25, ?2, 86, 93, 94 
ascending bulbar, ^ 
direct, 24, 25, 32, 34, 44, 65, 

85,86 
dorso-lateral ascending, 24, 25, 

32, 34, 44, 65. 85. 86 
veutro-lateral ascending, 24 
25, 32, 34, 65, 85, 103, 104 
Cerebellum (dim. of cerebrum, brain), 38, 69 
arbor vit» of, 71, 73, 74, 76, 78 
blood supply of, 195 
commissures of, 84 
connection with cortex cerebri, 86 

fibres of crusta, loi 
fourth nerve, SiS 
optic tract, 120 
sixth nerve, 86, 93 
third nerve, 86 
cortex of, 87 
crura of, 46, 84 

degenerations following lesions of, 32, 93 
divisions of, 69 
fibres from posterior longitudinal bundle 

to, 103 
fissures of. See Fissures. 
hemispheres of, 69, 70, 78 
lamina of, 71, 72, ^ 
literature of, 95 
lobes of, 71,74,77 
of lower animals, 69 
nuclei in white matter of, 83 
peduncles of, 38, 46, 84 

inferior, 69, 83, 86, 93, 95, 

118 
middle, 67, 70, 83, 85, 93, 94, 

164 
superior, 67, 69, 82, 83, 84, 
93, 94, 100, 103, 164, 195 
situation of, 69 
size of, 71 
sulci of, 71, 75, 78 
surfaces of, 71, 74 
weight of, 179, 180 
white matter of, 71, 78, 87, 91 
worm (vermiform process) of, 69, 71, 73, 74, 

77, 78, 94 
Cerebral hemispheres. See Hemispheres. 

Cerebro-spinal fluid, i, 3, 188 
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Cerebram (bniiii), 38 

comparison between male and female, 179 

cortex of. See Cortrx. 

crura of, 3S, 96, 100, 118, 195 

iissures of. ISec Fissurics. 

pednnclea of, 96, 100, 135 

rotation of, 165 

weight of, 179 
See alto Heuispherks. 
Cervix comu (neck of horn), 8, 52 
CeiTical enlar^ment of cord, 3, 5 

nerves, eHcct of section of posterior roots, 28 

nucleas, 16 

region of cord, 10 
Cetaceans, brain of, 162 

Cliiasma {X"^C^» mark with letter X), olfactory, 
160 

optic, 96, 117, 198 
Chinese, brain-weight of, 180 
Choroid (correctly chorioiU, from xfy">^t mem- 
brane) plexuses of fourth ventricle, 50, 
185, 186, 195 

of lateral ventricles, 122, 124, 155, 185, 198 

of third ventricle, 98, 185, 198 

vein, 185 
Choroidal fissure, 126, 155 

villi, 186 
Ciliary muscle, origin of norve-iibrcs to, 99 
(Unguium (girdle), 129, i$8, 165 
Cistema (reservoir) cerebello-meduUaris, 188 

chiasmatis, 188 

corporis caJlosi, x88 

fossn Svlvil, 188 

interpeduncularis, 188 

laminae cinerese, 188 

peripeduncularis, 18S 

pontis lateralis, 188 

media s. basilaris, 188 
CIstemsB arachnoidales, 188 
Clarke's column, 16, 53, 86 

effects of destruction of cells 

in> 34 
Claustrum (rampart), 134, 135. 169 
Clava (club), 143 
Clendinning on brain- weight, 178 
Clivus (slope), 70, 73, 79 
lobe of, 74, 77 
monticuli, 71 
Cochlear root of auditory nerve, 63 
Collateral eminence, 127, 145 
fibres of, 21, 65, 88, 163, 164 
fissure, 127, 144, 153 
Columnte foniicis, 129 
Columns, white, of cord, 8, 14, 22 

anterior, 9, 12, 22, 65 
antero-lateral, 9, 24, 31, 32, 

64, 86, 95, 104 
lateral, 9. 12, 64 
of Lissnuer, 20, 26, 29 
posterior, 9, 26, 27, 29, 32, 53, 

63 
postcro-lateral, 7, 28, 44 

postero-mesial, 7, 10, 28, 43 

fornix, anterior, 97, 113, 116, 129 

posterior, 124, 129, 130 

medulla oblongata, 40, 41, 104 

Comet cells, 17 

Comma tract, 26, 29, 32 

Commissnra (uniting band) baseos alba, 128 

Commissural fibres of cerebellum. 84 

of cerebnim, 163, 164, 169, 172 

between hippocampi, 131 



Commissures, i 

anterior, 98, 135 
of cerebellum, 84 

of cerebrum, anterior, 38, 98, 1 31, 135, 156, 
160, 164 
middle, 38, 96, 97, in, 113 
posterior, 38, 9)8, 104, 109, 
114, 117, 119 
of cord, I, 6, 7, 10, 18, 34 
peat, 127 

inferior, of Gudden, 117, 118 
of Meynert, 120 

middle or soft, 38, 96, 97, in, 113 
optic, 117 

posterior, 98, 104, 109, 114, 119 
Conarinm {k&wos, pine-cone), 114 
Conducting tracts of cord, 22 
Cone, fibrous, 163 
Conns medullaris, 5 
Convoluted brains, 162 
Convolutions. See Gtri. 
Cord. See Spinal cord. 
Coma Ammonis (from its resemblance to the 
horns on the statue of Zeus-Ammon), 124, 
158, 169, 172 
Comua ot grey matter of cord, 8, 10, 32, 51, 52, 

53, 58, 104 
cell-columns of, 14 
Cornucopia (horn of plenty), 50 
Corona radiata, 107, 109, 119, 135, 136, 163 
Corpora albicantia (white bodies), s. mamilUria 
{mamUla, nipple), 96, 98, ill, 113, 115, 
129, 166, 198 
amylacea {JSlimKov, starch), 14 
bigemina (two), 38, T06 
geniculata (^0711^, knee), 105, 109, in, 117, 

n8. 119, 195 
quadrigemina (four), 38, 96, 104, 109, no, 
117, 119, 164, 195 
Corpus callosum {ecdlosits, hard), 38, 122, 127, 

X30» I37i 156, 164, 166, 197 
absence of, 162 

peduncles of, 128, 155, 158, 159 
Corpus trapezoides, 73, 78, 79, 82 
Cortex (bark) cerebelli, 87 
cerebri, 163 

cells of, 167 

connection with cerebellum, 86 

crusta, 10 1, 136 
hippocampal and 
callosal gyri, 158 
internal capsule, 1 36 
lower olives, 86 
upper fillet, 104 
degenerations after lesions of, 3 1 , 86, 

164 
occipital region of, no, 136 
prefrontal region of, 136, 163 
Kolandic region of, 136 
visual area of, 1 10 
Cortical arteries, 193 
Course of fibres in cord, 22 

of cord through medulla oblon- 
gata and pons, 63 
Cranial nerves, 93, 95 

Cresccntic lobes of cerebellum, 71, 73, 74, 82 
Criminals, frontal lobe of, i6i 
Crossed pyramidal tract, 24. 31, 32, 51, 64 

root of fifth nerve, 62 
Crura {crus^ leg) ad cerebrum, 84 

medullam, 86 
pontem, 85 
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Crara — eontimted, 

cerebri, 38,96, icx), 118, 195 
foriiicis, 129, 130 
Cniral enlargement of cord, 5 
Cnista (rind) connection with cortex, loi, 136 
mesial bundle of, 67 

pedunculi, 100, in, 114, 115, 132, 136, 
163, 164 
Culmen (summit) monticuli, 70, 71, 73, 79 
Cuncate funiculus, 44 

lateral, 44 
lobule, 152, 197 
tubercle, 44 
Cuneo-limbic anncctent gyrus, 144 
Cuneo-lingual annecteut ^yrus, 144 
Cuneo-quadrat« annectent gyrus, 144 
Cuneus (wedge), 143, I $2, 153, 156 
Cunningham on cerebral convolutions, 163 

inferior frontal sulcus, 14S 
intraparietal sulcus, 150 
Rolandic angle, 143 

Danilewsky on grey cortex, 177 

Darkschewitsch on Gudden's commissure, 118 

optic tract, 117 
posterior commissure, 109 

Decussating commissural fibres of cerebellum, 84 

Decussation of fillet, 5^ 

Fjrramids, 46 
_.^ nerve-cells, 24 

nerve-tracts in spinal cord, 
ascending, 24, 27 
descending, 24, 27 
secondary, 24 
tertiary, 24 
in spinal cord from lesions in cerebellum, 

32.93 
in cerebrum, 31 

long, 32 
short, 32 
Dciters, cells of, 13 

on formatio reticularis, 58 
nucleus of, 56, 62 
Dentate fissure, 156, 158 

gyrus, 127, 155. I5<^. 158, 172 
De Regibus on gi-ey cortex, 177 
Descending cerebellar tract, antcro-lateral, 24, 

25, 32. .86, 93.94 
degeneration, 24, 27 
born oflateralventncle, 122, 124, 130 
root of fifth nei'vc, 65, 100 
tracts, 24, 26, 94 
Dimensions of brain, 176 
Directcerebellartract, 24, 25, 32, 34, 44, 65, 85, 86 

latei-al, 25 
pyramidal tract, 24, 31, 32, 45 
sensory tract, 163 
Dolichocephalic {^oXix^s, long; it«^oA^, head), 

persons, brains of, 176, 177 
Donaldson on grey cortex, 177 
Dorsal cell-group of anterior horn, 14 

column of medulla oblongnta, 40 
longitudinal bundle, 58, 65, 66, 86, 93, 

94, 99, 102, 109, 114, 119 
nucleus, 16 
oculomotor nuclei, 99 
olfactory root, 160 
part of mid-brain, 104 
I'egion of cord, 10 
Dorso-lateral ascending cerebellar tract, 24, 25, 

32, 34, 44, 65, 85, 86 
cell group of anterior horn, 14 



Dura mater (dura, hard ; mater, in the senM of 
that which produces or nourishes : trans- 
Isted from tlie Arabic), i, 3, 181 
anterior ligament of, 182 
Duret on arteries of brain. 197, 198 
cisterme arachnoidales, 188 
Duvnl on connection between third and sixth 
nerves, 63, 99 

Kdinoer on fillet, 65, 103, 104 

and Westphal, nucleus of, 99 
Eighth nerve. See Nerve, Auditory. 
Elasmobranch fishes, pineal body of, 45, 115 
Eleventh nerve. See Nerve, Spinal Acces- 
sory. 
Emineutia cinerea (gi'ey eminence), 50 
coUateralis, 127, 145 
teres (rounded, cylindrical), 51 
Enccphalon {iv, in ; icc^oAi^y head). See Brain. 
Enlargements of cord, 3, 5 
Ependyma (^vS^/uo, clothing), 62, 98, no, 132 
Kpendymal fibres, 96 

Epidural (^W, upon ; dura mater) space, 182 
Epiphysis (^ti^vw, grow upon) cere or!, 114 
Ergot (French, spur), 124 
Exposed surface of cortex, 137, 177 
Extent of grey cortex, 176 
External capsule, 134, 135, 164 

geniculate body, 105, 109, in, 117, 

"9. 195 
perpendicular fissure, 144 
Extraciliar fibres, 85 

Extraventricular portion of corpus striatum, 132 
Eyes, effects of extirpation, no, 118, 119 

Facial nerve. See Nerve. 

nucleus. See Nucleus. 
Falciform lobe, 155 
Falx {falx, sickle) cerebelli, 182, 183 

cerebri, 137, 182 

minor, 183 

Fascia dentata (toothed bundle) Tarini, 156, 172, 

174 
Fasciculus (small bundle) arcuatus, 165 

longitudinal, inferior, 165 
superior, 165 

perpendicular, 165 

retroflexus, 113 

(or funiculus) tei*es, 50, 53, 63 

uncinate, 165 
Fasciola (small baudage) cinerea, 157, 158 
Fibi-es, collateral, 21, 65, 88, 163, 164 

ependymal, 96 
Fibrae propriie, 165 

rectae, 59 
Fibrous cone, 163 
Fifth nerve. See Nerve. 

nuclei of. See NUCLEUS. 
Fillet, 53, 65, 66, 93, 109, 164 

decussation of, 53 

lateral or lower, 66, 103, 105 

mesial, 67, 101, 103 

tract of, 103 

upper, 104, 107, 114, 119, 120 

upper nucleus of, 104 
Filum (thread) tcrminale, 2, 5, 189 
Fimbria (fringe), 124. 130, 157, 158, 159, i65, 

172 
Fimbrio-dentate sulcus, 157 
First nerve. Su Nerve, Olfactory. 
Fishes, pituitary body of, 116 

segmentation of spinal coi\i in, 16 
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Fissura choroidea, 155 

prima, 159 

serotina (laie), 159 
Fissures {tee Sulci) of cerebellum, 71, 75,78, 79 

antero-superior, 71, 73 
great horizontal, 71, 75, 79, 82 
iutracnlminatc, 82 
intralobular, 72 
roid ventral, 77 
postclival, 71, 73. 79. 82 
postero-superior, 71, 73 
postnodular, 75, 79 
postpyramidal. 75, 79 
preclival, 71, 73. 79. 82 
prepyramidal, 75, 79 
of cerebrum, 137 

calcarine, 124, 143, 144, 172 

posterior, 144 
callosal, 127, 1^6 
calloso-marginal, 145, 146, 148 
choroidal, 126, 155 
collateral, 127, 144, 153 
dentate, 156, 158 
external perpendicular, 144 
^reat longitudinal, 129, 137 
hippocampal, 124, 156, 158 
interior, 124 
limbic, 15^, 160 
paracentral, 145 
parallel, 153 

pnrieto-occipital, 124, 143, 144 
paroccipital, 150 
prelimbic, 145 

of Rolando, 143, 150, 154, 155 
of Sylvius, 141, 143, 146, 147, 

148, 150 
transverse, 124 
variations in, 161 
Hce also Sulci. 
of medulla oblongata, 40 
or furrows of spinal cord, 6, 7 
Flechsig on fillet, 65 

Flocculus (dim. offloccuSf flock of wool), 74, 75, 
82 
accessory, 76 
Fluid, cerebro-spinal, I, 3, 188 

subarachnoid, 187 
Flnmina (rivers), 188 
Folia {folium f leaf) of cerebellum, causation of, 

162 
Folium cacuminis (of the tip), 71, 74, 79 
Foramen csecum, 40 

of Mngendie, 48, 18S 
of Monro, 97, 122, 129 
Forceps (pincers) major, 124, 129, 166 

minor, 128 
Forel on Meynert's bundle, 1 14 
tegmentum, 114 
trat't of lillei, 103 
pillai-s of fornix, 129 
Formatio reticularis, 51, 52, 58, 60, 65, icx>, loi, 

102, 103, 114, 164 
alba (white), 58, 65 
giisea (grey), 58 
Formation of cornu Ammonia, 169 
Fornix (arch or vault), 122, 12S, 129, 155, 158, 

159. 166 
bulbs of, 115 

pillars or columns of, anterior, 97, 113, 116, 

129, 131,158 
posterior, 124, 129, 

130. 157. 158 
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Fossa rhomboidalis, 47 
Sylvian, 142 
Tarini, 115 
Fourth nerve. See Nervk. 

nucleus of. See NiroLEixa* 
ventricle, 47, 73 

floor of, 50 
Fovea (pit) inferior, 50 
superior, 50 
Foville on taiuia semicircularis, 131 
Fraenulum (/r^nt&m, bridle) veli, 104 
Fnenum lingulse, 73 
Freud on solitary cells of lamprey, 17 
Frontal convolution. See Gyrus. 

lobe, 112, 145, 156, 160, 161, 164, 165, 177, 

180, 195 
operculum, 142 
pole of hemisphere, 137, 147 
sulci. See Sulci. 
Fronto-limbic annectent gyrus, 149 
Fronto-marginal sulcus, 146 

lateral, 146, 149 
Fron to-parietal operculum, 142 
Fuchs, brain of, 176 

Funiculus cuueatus (wedge-shaped cord), 44 

lateralis, 44 
gracilis (slender), 43 
of Rolando, 44, 52 
solitarius, 55 
(or fasciculus) tei-es, 50, 53, 63 

nucleus of, 54, 65 
Furrowed band, 76 
Fusiform lobule, 153, 166 



Galen, veins of, 185 
Gambetta, brain of, 161 

Ganglia or ganglion {ydy/Kioif, swelling), basal. 
163, 172 

basal optic, 1 1 6, 120 

ofliabenula, 103, 113, 117 

of hemispheres, 131 

interpcduncularo, 103, 114 

optic, 109 

radicis cochlearis, 55 

of roof, 108 

of spinal nerve-roots, 3 
Ganser on quadrigeminal bodies, 107 
Gauss, brain of, 176 
Gehuchten on collateral fibres, 21 
olfactory bulb, 176 
Geniculate body, external, 105, 109, iii, 117 

"9, 195 
internal, 105, 109, 118, 195 

Genu (knee) of corpus callosum, 128 

of fissure of Rolando, 143 

of internal capsule, 136 

Giacomiui on brains of criminals. 161 

gyrus Rolandicus, 143 

dentatus, 157 

longus in Ml I la;, 155 

Gland, pineal, 96, 97, 104, 114 

Glandule Pacchionii, 190 

Globus pallidus (pale sphere), 134, 164 

Glomeruli (dim. of glomus^ clue of thread), 

olfactory, 175, 176 

Glosso-pharyngeal nerve, origin of, 40, 54, 55 

nucleus, 55 

Golgi on classification of nerve-ceUs, 17 

collateral fibres, 22 

fascia dentata, 173 

olfactory bulb, 176 
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GoU, tract of, 26, 28, 32, 34, 43 

Graaf, de, on pineal body, 115 

Gracile nucleus, 53, 86 

Grande lobe linibique, 155 

Granule-layer of cerebellar cortex, 87, 89, 90 

of olfactory bulb, 174 
Great commissure of cerebrum, 1 27 

horizontal fissure of cerebellnm, 71, 75, 79, 82 
longitudinal fissure, 129, 137 
Grey commissure of cord, 7 
matter, central, 65, 98 

of aqueduct, 96, 98 
of cord, 7, 13 

connection with visual centres, 1 19 
effect of destniction, 34 
ganglionic or cell-columns of, 14 
horns or comua of, 8 
intermediate grey substance of, 8 
intermedin- lateral tract of, 8 
microscopic structure of, 13 
processus reticularis of, 8 
proportion of, to white matter, 7, 10 
of hemispheres, structure of, 166 
of medulla oblongata, connection with 
visual centres, 1 1 9 
olfactory i-oot, 159, 160 
Grooves or sulci of medulla oblongata, 40, 41 
Ground-bundle, antero-lateral, 26, 32 
Gudden, commissure of, 117, 118 

on connection between cerebellum and olive, 

57 
optic fibres, 118 

pillara of fornix, 129 

Guinea-pig, optic chiasma of, 118 

pyramidal tract of, 25 
Gyrus or Gyri (yvposj ring), 137 

angular, 151, 153 

annectent, 143, 144, 145, 146, 147, 148, 150, 

151. 152, 153. 156 
bordering, 159 
breves insulse, 155 
brevis accessorius insulfe. 155 
callosal, 155, 156, 158, 160 
causation of, 162 
central, 143, 148, 149, 150 
of central lobe, 154 
cinguli, 156 

cuneo-limbio annectent, 144 
cuneo-lingual annectent, 144 
cnneo-quadrate annectent, 144 
deutatus, 127, 155, 156, 158, 172 
fornicatus, 156, 158, 165 
effect of removal, 32 
fornicis, 155, 158 
frontal, 143, 146, 147. 148, 150, 154, 161, 

163, 165, 172, 19s 
fronto-limbic annectent, 149 
geniculi, 155, 158 
hippocampal, 153, 155, 156, 158, 159, 160, 

161, 164, 165, 167 
infracalcarine, 153 
infracallosns, 155, 158, 159 
limbicus, 158 
lingual, 156 
longus insulse, 155 
marginal, 145, 146, 148, 150, 159 
occipital, 152 

occipito-temporal annectent, 152 
orbital, 149 

parietal, 143, 148, I49i ^SO, IS'* 163 
pari e to-occipital annectent, 151, 152 
postcentral, 150 



Gyrus or Gyri — carUiived. 
postparietal, 151, 152, 153 
prccentral, 147, 148 
rectus, 149 
Rolandicus, 143 
snbcalcarine, 153 
subcallosus, 155, 158, 159 
snpracallosal, 155, 158 
supramarginal, 151, 153 
temporal, 151, 152, 153, 155 
transverse temporal, 153 
transversns insuls, 154 
uncinate, 156, 172 
variations in, 161 

Habenula (dim. of haheiia^ thong or lein), 1 1 1 

ganglion of, 103, 113, 117 
Hemiextirpation of cerebellum, 93 
Hemisection of spinal cord, 33, 104 
Hemispheres of cerebellum, 69, 70, 78 

connection with cerebral cortex, 86 
of cerebrum, 38, 122, 137 
blood-supply o^ 195 
commissures of. Sec Coxmtssubkh. 
dimensions of , 176 
fissures of. See Fissurrs. 
ganglia of, 131 

grey matter, structure of, 166 
intimate structure of, 163 
lobes of, 137, 145 
mantle of, 135, 142, 154 
stem of, 154 
ventricles of, 122 
weight of, 178 

white matter, structure of, 163 
Hensen on oculomotor nucleus, 99 
Heubner on arteries of brain, 198 
Hill on rotation of cerebrum, 165 
Hindus, brain -weight of, 180 
Hippocampal fissure, 124, 156, i;8 

gyrus, 153, 155, 156, 158, "159, 160, i6i, 
164, 165, 167 
Hip]iocampu8 (from fancied resemblance to limb 
of fabulous animal thus named) major, 
124, 130, 131, 158, 172 
minor, 124 
His on funiculus solitarius, 55 

origin of neuroglia- and nerve-cells, 14 
Hoche on ganglion-cells in anterior nerve-roofs, 3 
Horizontal fissure, great, of cerebellum, 71, 75*, 
79,82 
sulcus, lower or lesser, 75, 77 
Horns of grey matter of cord. See Ck)RNV. 

lateral ventricle, 122, 124, 130 
Horse, olfactory lobe of, 159 
H-shaped sulcus, 149 
Huschke on brain -weight, 180 
Hypoglossal nerve. ^ Nerve. 
Hypophysis (dirrf, under ; ^^, grow) cerebri, 97, 
116 

Inctsura marsupialis (pouch-shaped notch), 70 

semilunaris, 70 
Index, occipital, 151 
Inferior fissure of cerebrum, 124 
Infracalcarine g^rus, 153 
Infundibulum (funnel), 96, 97, 98, 1 16, 198 
Innervation of orbital muscles, 99, 119 
Intellectual development, influence of, on dimen- 
sions of brain, 176 

on fissures and convolutions, 161 
Inter-brain, 96 
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Xntercentral connections of visual apparatus, 1 19 
Interlobular fissures of cerebrum, 137 
Intermediate grey substance of cord, 8 

process, 8 

sulcus, anterior, 24 
posterior, 7 
Intermedio-lateral tract, 8 
Internal capsule, 100, loi, 104, iii, 114, 119, 
128, 131, 132, 133, 135, 136, 163, 166, 
169, 172, 197 

medullary lamina, 112, 114, 134 
Interolivary layer, 63 
Interpeduncular ganglion, 103, 114 
Intraciliar fibres, 85 
Intraculminate fissures, 82 
Intralobular fissures of cerebellum, 72 
Intraparietal sulcus, 149, 155 
Intraventricular portion of corpus striatum, 131 
Involuted roodullary lamina, 174 
Island of Reil, 13J, 141, 145, 154, 164 
Isthmi lobi centralis, 135 
Isthmus of brain, 38 

of gyrus fomicatus, 156 
Iter a tertio ad quartum ventriculum, 96 

Jklo£r.sma.'8 theory of causation of cerebral 
gyri, 162 

Key on cisterns arachn6idale8, 188 

septum posticum of cord, 188 
Kiuffisthetic {KivnirtSf motion ; liivBrio'iSi percep- 
tion) centres, 163 
Kolliker on collateral fibres, 21 

nerves of arachnoid, 189 
£rause, W., white plexuses of, 169 



Ladokde on connection between thiixl and sixth 

nerves, 63, 99 
LacuniB laterales (lateral hollows), 184, 191 
Lamina (layer), anterior and posterior perfo- 
rated. See Perforated Space. 
Laminae arcuate gyrorum, ii65 

cinerea (grey), 96, 98, 117 

cornea, 122 

medullary, inner, 112, 114, 134 
involuted, 174 
outer. III, X14, 134 

quadrigemina, 96 

septilucidi, 155, 159 

of cerebellum, 71, 72, 86 

transversales inferiores, 77 
Lamprey, solitary cells of, 17 
Lancisi, nerves of, 127 
Lateral area of medulla oblongata, 43, 45 

cell-column of cord, 16 

cell-group of anterior horn, 14 

column of cord, 9, 12, 64 

medulla oblongflta, 40 

cuneate funiculus, 44 

fillet, 66, X03, 105 

horn of ffrey matter, 8, 10, 32, 52 
lateral ventricle, 122, 124 

nucleus. See Nucleus. 

pyramidal tract, 24, 31, 32, 51, 64 

iwess, 47, 48, 49, 188 

sinus, 182, 184 

sulcus, icx> 

ventricle, 97, 122 
fjatin races, brain- weiifht of, 180 
Latticed layer of thalanjtts, 1 12 



Lemniscus (ribbon), 53 

Lenhoss^k on basal optic ganglion, 116 

Lenticular arteries, 197 

nucleus, loi, 112, 114, 120, 132, 136, 164. 
197 
Lenticulo-optic (lenticulo- thalamic) arteries, 

197 
Lenticulo-striate arteries, 197 
Leptomeninx (AeiTT^r, thin; fx'hviy^. mem^n'mie), 

181 
Lesions of cerebellum, effects of, 32, 93 

cortex cerebri, efforts of, 31, 86, 164 

optic thalamus, effects of, 85 

spinal cord, effects of, 32 
Lesser horizontal sulcus. 75, 77 
Ligament, anterior, of dura mater, 182 

central, of cord, 2, 5 
Ligamentum denticulatum {deTiticulus, dim. of 

dens, tooth), 3, 188, 189 
Ligula (dim. of lingua, tongue), 49, 50 
Limbic (liiTilms, surrounding border) lobe, 145, 
149, 154, 155, 159, 160, 161, 165, 166 

fissure, 155, 160 
Limen insulse (threshold of island), 155 
Line of Baillarger, inner and outer, 167 

Vicq d'Azyr, 167 
Linen splendens (brilliant), 186 
Lingual gyrus, 156 

lobule, 153 
Lingula (dim. of lingua, tongue), 48, 7?, 73, 82 
Lissauer*s column or tract, 20, 26, 29 
Literature of brain, 199 

cerebellum, 95 

medulla oblongata and pons, 67 

mid -brain, 120 

spinal cord, 34 
I lizard, posterior longitudinal bundle of, 102 
Lobe or Lobes, amygdalo-uvular, 76 

biventral, 74, 76, 82 

central, of hemispheres, 133, 135, 145, 154, 

177 
of vermiform process, 71. 73. 77 

of cerebellum, 71, 74, 77 

of clivus, 74, 77 

crescentic ojf cerebellum, 71, 73, 74, 82 

falciform, 155 

frontal, 112, 145, 156, 160, 161, 164, 165, 

177, 180, 195 
of cerebral hemispheres, 137, 145 
inferior semilunar, 74, 77, 82 
limbic, 145, 149. 154, 155, 159, 160, 161, 

165, x66 
occipital, 112, 119, 145, 151, 153, 163, 164, 

165, 166, 177, 180, 195 
olfactory, 14s, 158, 159, 164, 174 
optic, 38 

ofbii*ds, 107 
parietal, 112, 145, 149. i53, I77, 180. '95 
of pituitary body, 1 16 
postero-superior of cerebellum, 71, 74, 82 
posterior of cerobellum, 74 
of ]»yramid, 77 

quadrilateral of cerebellum, 74 
slender, 74, 77 
temporal, 112, 145, 149. 152. 156, 1^0, 

163, 164, 165, 177, 180, 195 
temporo-sphenoidal, 152 
of under surface of cerebellum, 75 
of upper surface of cerebellum, 73 
of vermiform process, 77 
Lobule, cuneate, 152, 197 
fusiform, 153, 166 
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Lobule, lingual, 153 

olfactory, anterior, 159, 160 
posterior, 159 

oval, 149 

paracentral, 149, 150 

parietal, inferior and aui)erior, 150, 151, 
152, 166 

postcentral, 154, 155, 156 

precentml, 154, 155 

Quadrate, 149, 151, 156 
Lobulus gracilis, nnterior and posterior, 75 
Lobus cacuminis, 74, 77, 82 

centralis, 77 

clivi, 73, 74, 77 

cnlminis, 73, 77 

gracilis (slender), 77, 82 
ippocampi, 161 
infundibuli, 116 
lingulffi, 77 
lunatus (crescent-shaped) anterior, 73 

posterior, 74 
noduli, 75, 76, 77 
pyramidis, 76, 77 
tuberis, 75, 77 
uvulce, 76, 77 
Locus coeruleus (dark-blue place), 51, q8 

perforatus posticus, 115 
Long association fibres, 165 

degenci*ations, 32 
Longitudinal bundle, posterior or dorsal, 58, 65, 
66, 86, 93, 94, 99, 102, 109, 114, 119 
fissure, great, 129, 137 
sinus, inferior, 182 

superior, 152, 182, 184, 191 
Longitudinal stri«, lateral or grey, 127, 155, 

157, 158 
mesial, 127, 128, 155, 157,158 
sulcus of midbrain, 104 
Lower stalk of thalamus, 112 
Lumbar enlargement of cord, 3, 5 

i-egiou of coi*d, 10 
Luschku on arachnoidal villi, 191 

on nerves of arachnoid, 189 
Luys, nucleus of, 114, 120 

on outer olfactory root, 160 
Lymphatics of brain and cord, 198 
pituitary body, 116 
Lymph-spaces of dura mater, 184 

nerve-sheaths, 189 
pia-mator, 186 
Lyra (lyi-e), 130 

Magendie, foramen of, 48, 188 
Malays, brain-weight of, 180 
Mantle, 135, 142, 154 
Marchi on lesions of cerebellum, 32, 93 

tract of Burdach, 32 
Marginal bundle of nerve-fibrfs, 8, 25 

gyrus, 145, 147, 148, 150, 159 
effects of lesion, 31 
Marrow, spinal, 2 
Marshall on brain-weight, 180 
Measurements of brain, 176 
Medulla oblongata (i»cf//<//a, marrow ; obloriffiiSf 
greater in length than breadth, oblong), 
areas of, 41, 43, 45 

blood-supply of, 194 

columns of, 40, 41, 104 

external characters of, 38 

fissures of, 40 

form of, 39 

grooves or sulci of, 40, 41 



Medulla oblongata — coniinued. 
internal structure of, 51, 53 
literature of, 67 
measurements of, 39, 179 
origin of nerve-roots from, 40 
situation of, 38 
structure of, 40, 51 
Medulla spinalis (spinal marrow), 2 
Medullary aileries, 193 

centre of cerebral hemispheres, 163 
lamina, external, iii, 114, 134 
internal, 112, 114, 134 
involuted, 174 
striae, 50, 59, 94 

aberrant bundle of, 50 
velum, inferior, 48, 70, 76, 78 

superior, 47, 70, 79, 82, 85, 98^ 
103, 104 
Membmnes of brain and cord, x, 3, 181 
Mendel on origin of facial nerve, 61 

superior cerebellar peduncle, 85 
Meninges {fjefiviy^, membrane), 181 
Merkel on cleft in descending comu, 126, 188 
Mesencephalon (/icVos, middle ; 4yK4fi>aKoy, braiu),. 

96 
Mesial bundle of crusta, 67, 115, 164 
cell-group of anterior horn, 14 
fillet, 67, loi, 103 

longitudinal strise, 127, 128, 155, 157, 15S 
Meynert on bi-ain- weight, 180 
bundle of, 103, 113 
commissure of, 120 
on claustruni, 135 

cortical cell-kyers, 167 
nucleus fastigii, 84 
olfactory chiasma, 160 
posterior commissure, 109 
stratum dorsale, 114 

intermedium, 10 1 
Microscopic stracture of cord, 12 

cerebellar laminte, 86 
cerebral cortex, 166 
Midbrain, 38, 96 

dorsal part of, 104 
literature of, 120 
transition from puns to, 65 
Middle cell-column, 17 

cerebellar peduncle, 38, 46, 67, 70, 83, 85^ 

93, 94, 164 

horn of lateral ventricle, 122, 124 

or soft commissure, 38, 96, 97, iii, 113 
Midfrontal sulcus, 146, 147 
Midgracile sulcus, 75 
Mid ventral fissure, 77 
Mitral cells, 174, 176 
Mole, posterior longitudinal bundle of, 103 

quadrigeminal bodies of, 105, 1 10 
Molecular layer of cerebellar coitex, 87 

cerebral cortex, 167 
Monakow on anterior brachium, 107 
Monkey, fornix of, 129 

parallel fissure of, 153 

pyramidal tract of, 25, 31 

Sylvian fissure of, 142 
See also Quadrumaxa. 
Monro, foramen of, 97, 122, 129 
Monticulus (dim. of mons, mountain) of oer^ 

bellum, 71 
Moss- fibres, 91 
Motor cell-column, 14 

nucleus of fifth nerve, 61 

region, effects of removal, 31 
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^lott on cells of Clarke's column, i6 

section of nerve- roots, 27 
MoQse, optic chiasma of, 118 

pyramidal tract of, 25, 31 
Munzer on degeneration in spinal cord, 34 

on tract of Burdach, 32 
Muscles, orbital, innervation of, 99, X19 
Myeiiu-sheath, development of, in cord, 23 

i^ATES, 105 

i«iegio, brain- weight of, 180 

first frontal gyrus of, 147 
Nkrvb or Nekves {vtvpoy, nerve), abducent. 
See Nkrve, Sixth. 
of arachnoid membrane, 188 
auditory, 95, 106 

ascending root of, 56 
cochlear root of, 63 
connection with inferior quadrige- 

minal body, 106 
restifoi-mbody, 86 
nuclei, «ec Nucleus 
origin of, 55 
-cranial, 93, 95 
of dura mater, 184 
eighth. See Nerve, Auditory. 
«leventh. See Nerve, Spinal accessory. 
facial origin of, 40, 55, 61, 63 

degeneration in, after cerebellar le- 
sions, 93 
iifth, central tract of, 62 

degeneration in, after cerebellar lesions, 

93 
origin of, 40, 51, 61, 65, 98 

trophic fibres of, 51 

roots of, ascending, 52, 63, 93 

degeneration after section, 53 

crossed, 62 

descending, 65, 100 

raphe, 62 

first See Nerve, Olfactorv. 

fourth, 98, 102, 103 

connection with cerebellum, 86 

sixth, 66 

gloiso-pharyngeal, 40, 54, 55 

hypoglossal, 93, 95 

origin of, 41, 53, 57 

ot Lancisi, 127 

ninth. See Nerve, Glosso-pharynoeal. 

oculomotor. See Nerve, Third. 

olfactory, 159, 175, 

origin of, Irom medulla oblongata, 40 

spinal coi*d, 3, 19 

optic, 93, 118 

connection with anteiior quadri- 

geminal bodies, 105 

phrenic, 16 

of pia mater, 187 

pneumo-gastric. See Nerve, Vagus. 

second. iSee Nerve, Optic. 

seventh. See Nerve, Facial. 

sixth, connection with cerebellum, 86, 93 

fourth, 66 

third, 63, 66, 99 

origin of, 42 

spinal accessory, 16, 20, 40 

tenth. See Nerve, Vagus. 

thisd, 93, 95, 98, 99, 102, 103 

connection with cerebellum, 86 

sixth, 63, 66, 99 

roots of, 100 

trigeminal. See Nkrve, Fifth. 



Nerve or nerves — eontimusd. 

trochlear. See Nerve, Fourth. 
twelfth. Sec Nerve, Hypoglossal. 
vagus, 40, 54, sj 
Nerve-cells of cerebellum, 87 
of cord, 10, 13, 14, 34 
of cortex cerebri, 167 
degeneration of, 24 
of medulla oblongata, 53, 56, 58 
of optic lobes, 108 
Nerve-fibres of cerebral hemispheres, 163 
of cord, course of, 22 

degeneration of, 24, 27 
size of, 12 

traced through bulb and pons, 63 
Nerve-roots, spinal, 3, 11, 20, 94 
anterior, 19, 32, 43, 93 
ganglia of, 3 
posterior, 20, 29 

collateral fibres of, 21 
degeneration following section of, 27 
relation ro spines of vertebree, 3 
See also Nerve. 
Neurilemma {vtvpoy, nerve ; \4fifjLa, peel or skin) 

of cord, 186 
Neuroglia {pfvftov ; y\la, glue), 12, 62, S7, 92, 

96, 98, 106, 159, 167, 174 
Nidus avis (bird's nest), 76 
Ninth nerve. See Nerve, Glosso- pharyngeal 
Nodule, 74, 75 

North American Indians, brain- weight of, 180 
Notch, cerebellar, anterior, 70 

posterior, 70 
Nucleus (kernel) or Nuclei, ambiguus, 55 
amygdalae, 124, 131, 135, 160, 169 
of aquedu.^t, 65 
auditory, 104, 106 
accessory, 55» 60 
inner or dorsal, 56, 62 
outer or superior, 56 
ventral, 56, 63 
caudatus (tailed), 124, 131, 134, 135, 136, 

197 
centralis, 58 
cervical, of cord, 16 
of corpus albicans, 1 1 5 
of Deiters, 56, 62 
dentatus, 82, 83, 84, 85 
dorsal, of cord, 16 
of Edinger and Westphal, 99 
embolifoimis, 83 
facial, 61 

connection with oculomotor, 103 
fastigii (roof), 83, 84 
of'fifth nerve, motor, 61 

sensory, lower, 62 
upi>er, 61 
of fourth nerve, 98, 102 
of funiculus cuneatus, 53, 86 
external or accessory, 53 
of funiculus gracilis, 53, 86 

teres, 54, 65 
globosus (spherical), 83 
glosso-pharyngeal, 55 
hypoglossal, 53 
lateral, of cord, 17 

of medulla oblongata, 52 
of thalamus, 112 
lateralis, 52 
lenticular, 101, 112, 114, 120, 132, 136, 

164, 197 
of Luys, 114, 120 
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NucLBUS or l^vcLSi—eorUinusd. 

oculomotor, 98, 102, 109, 114, 117, 118 
. central, 99 

connection with facial, 103 

dorsal, 99 

ventrnl, 99 
olivary, 56 

accessory, 57 

connections of, 56, 86 

superior, 47, 60 
of optic thalamus, 1 12, 113, 114, 129 
pontis, 60, 86, 93, loi 
pyramidal, 57 

of quadri^eminal bodies, 105 
red, 103, 114 
of roof, 84 
sacral, o\ cord, 16 
of sij^th nerve, 63 

atrophy of, 100 
spinal accessory, 20, 55 
of superficial arched fibres, 59 
tegmeiitel, 93, 94, 103 
of third nerve. See Nucleus, Oculo- 
motor. 
upper, of fillet, IQ4 

vftgus* 55 

accessory, ^5 

of white matter of cerebellum, 83 

Obex (bolt), 50 
Occipital gyri, 152 
index, 151 

lobe, 112, 119, 145, 151, 153, 163, 164, 
165, 166, 177. 180. 195 
effect of removal, 32 
operculum, 144 

pole of hemisphere, 137, 152, 178 
region of cortex cerebri, effect of removal, 

no 
sinus, 183 

sulcus, anterior, 144, 152 
lateral, 151, 152 
transverse, 150, 152 
Occipito-tempond annectent gyrus, 152 

region of cortex, 136 
Ocular muscles, innervation of, 99, 119 
Oculomotor nucleus. See Nucleus. 

sulcus, 100 
Olfactory bulb, 145, 159, 174, 195 
bundle of cornu Ammonis, 158 
cells, 176 

chiasma (x<<^C<°^f niark with letter X), 160 
glomeruli (dim. of glmnus, clue of thread), 

175. 176 
lobe, 145, 158, 159, 164, 174 
lobule, anterior, 159, 160 

posterior, 159 
nerves, 159, 175 
nerve-fibres, layer of, 175, 176 
root, inner or mesial. 128, 156, 158, 159, 160 
outer or lateral, 156, 159, 160 
middle or grey, 159, 160 
upper or dorsal, x6o 
sulcus. 149 

tract, 145, 156, 158, 159, 160, 164, 174 
Olivarj' body, 41, 45, 85 
nucleus. Sec Nucleus. 
peduncle, 56 
Olive, inferior, 41.. 45, 86, 93, 94, 118 

connection with cerebral coitex, 
86 
superior, 47, 60 



.Operculum (cover or lid) of Rurdach, 141 
frontal, 142 
fronto-parietal, 142 
of hypophysis, 182 
occipital, 144 
orbital, 142 
temporal, 142 
Optic lobes, 38 

of bin s 107 
chiasma, 96, 117, 198 
commissure, X17 
ganglion, 109 

basal, 116, 120 
optic nerve, 93, 118, iCS 
radiations, 112 
recess, 97 

thalamus, 93, 96, 97, no, 122, 136, 163^ 
164, 166, 195. 197 
effect of lesion, 85 
inferior peduncle of, 164 
tract, 96, 105, 107, no, in, 112, 114, 117, 
164 
connection with cerebellum, X20 
Orbital gyri, 1 49 

limbs of Sylvian fissure, 142 

muscles, innervation of, 99, 1 19 

sulcas, 149 

surface of cerebral hemisphere, 145, 148, 

149. 195 
Origin of nerves from medulla oblongata, 40 

spinal nerves, 3, 19 

Osmatic (ocfAdofjuUf smell) mammals, 158, 159, 

160, 161 

Outlying cells of cord, 17 

Oval lobule, 149 

Pacchionian glands, 190 

granulations, 184 
Pachymeninx (»axwr, thick ; M»''7l, membrane)^ 

181 
Paracentral fissure, 145 

lobule, 149, 150 
Parallel fissure, 153 
Paramesial sulcus, 146, 147, 161 
Parietal convolutions, 151 

ascending, 143, 148, 150, 

I5^ 163 
foramen, 115 

lobe. 112, 145, 149, 155, 177, 180, 195 
lobules, 150, 151, 152, 166 
Parieto-occipital annectent gyrus, 151, 152 

fissure, 124, 143, 144 
Parkes on brain of uegi-o, 161 
Paroccipital fissure, 150 

Pars asceudens inferior s. ]x>stcentralis inferior 

of intraparietal sulcus, 150 
superior of intraparietal sutcuSy 
150 
basilaris of third frontal g3rrus, 147, 148 
fronto-pnrictalis of operculum, 142 
horizontalis s. posterior of intraparietal 

sulcus, 150, 152 
intermedia of facial nerve, origin of, 55 
occipitalis of intraparietal sulcus, 150 
olfactoria of olfactory bundle, 158, 164 
orbitalis of operculum, 142 

of third fronUd gyrus, 147 
temporalis of olfactorv bundle, 158, 164 
triangularis of operculum, 142 

third frontal gyrus, 14.7 
Partitions of dura mater, 182 
Paulier on grey cortex, 177 
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Pencock on brain* weight, 178 
Peduncle {peduncultis, root-.stalk of leaf) or 
peduncles, of cerebellum, 38, 46, 84 
interior, 69, 83, 86, 93, 95, 118 
middle, 38, 46, 67, 70, 83, 85, 93, 94, 164 
superior, 67, 69, 82, 83, 84, 93, 94, 
100, 103, 164, 195 
of cerebrum, 96, 100, 135 
of corpus albicans, 115 
of corpus callosum, 128, 155, 158, 159 
olivary, 56 

of pineal body, 113, 114, 117 
of thalamus, inferior, 164 
Peduncular tract, 65 
Pedunculus conarii, 114 

flocculi, 76, 82 
Perforated space or lamina, anterior, 112, 131, 

135, 141, ISS, 158, 
159, 165, 197 
posterior, 96, 98, 

"5, 195 
Perineural sheaths, 188 

Peripheral venules, 193 
Perivascular sheath, 186, 187 
Perpendicular fasciculus, 165 

fissure, external. 144 
Pea (foot) accessorius, 127 
hippocampi, 124 
pedunculi, 100 
Petrosal sinus^ superior. 182 
Phrenic nerve, origin of, 16 
Pia mater {pia, translation of Arabic word, 
meaning properly thin ; water, sr.e Dura 
mater), I, 3, 100, 114, 122, 137, 181, 
184 
Pillars of fornix, anterior, 97, 113, 116, 129, 

131, 158 
posterior, 124, 129, 130, 157, 
158 
Pineal {pinea, pine-cone) body or gland, 96, 97, 

104, 114 
peduncles of, 113, 114, 117 
eye, 115 
recess, 97 
stria, 98, 114, 129 
Pituitary body, 96, 97, 1 16 
Plexuses, choroid, of fourth ventricle, 50, 98, 

185, 186, 195 
of lateral ventricle.s, 122, 

124, 15s, 185, 198 
sand of, 114 

of third ventricle, 98, 185, 
198 
white, of cerebral cortex, 169 
Pneuuio-gastric nerve. See Nerve, Vagus. 

nucleus. See Nucleus, Vagus. 
Pole of hemisphere, 137, 147, 152, 178 
of island, 155 
of temporal lobe, 153 
Polymorphous cell.**, layer of, 168 
Pons (bridge) Varolii, 38, 46, 100, loi, 118, 179 

blood-supply of, 194 
dimensions of, 40 
external characters of, 38, 

46 

internal structure of, 60 
literature of, 67 
nuqlei of, 60, 86, 93 
structure of, 47 
transition to mid-brain 
from, 65 
Pouticulus (dim. of pons), 46 



Postcentral gyrus, 150 
lobule, 154, 155, 156 
sulcus of cerebellum, 71, 73, 79, 82 
of cerebrum, 143, 150 
Postclival fissure, 71, 73, 79, 82 
Posterior area of medulla oblongata, 41, 43 
calcarine fissure, 144 
central gyrus, 150 

columns of cord, wlute, 9, 26. 27, 29, 32, 

53, 63 
vesicular, 16 
of medulla oblongata, 41, 10 v 
commissure of cerebrum, 38, 98, 104, 109, 
114, 117, 119 
of cord, 7, 18 
cuneo-lingual annectent g3'rus, 144 
descending tract, 29 
horn or cornu of cord, 8, 10, 52, 53, 104 

of lateral ventricle, 122, 124 
intermediate septum of cord, 7 
limb of Sylvian fissure, 141, 142 
lobe of pituitary body, 116 
longitudinal bundle, 58, 65, 66, 86, 93, 94, 

95» 99, 102, 109, 114, 119 
olfactory lobule, 159 
orbital gyrus, 149 

pillars of fornix. 124, 129, 130, 157, 153 
segment of internal capsule, 136 
septum of cord, 7, 188 
spinal artery, 192 
tubercle of optic thalamus, 1 10 
Postero-lateral column of cord, 7, 28, 44 
Postero-mesial column of cord, 7, 10, 28, 43 
Postgracile sulcus, 75 
Postnodular 6ssure, 75, 79 
Postparietal gyrus, 151, 152, 153 
Postpyramidal fissure, 75, 79 
Precentral gynis, 147, 148 
lobule, 154, 155 
sulcus of cerebellum, 71, 73, 79 

of cerebrum, 143, 145, 146, 14S, 

155 
transverse, 143, 146, 155 

Preclival fissure, 71, 73, 79, 82 

Precuneate sulci, 151 

Precuneus, 151 

Prefrontal region of cortex, 136, 163 

Pregracile sulcus, 75 

Prelimbic fissure, 145 

Prepyramidal fissure, 75, 79 

Pre-Kolandic sulcus, 145 

Primates, third frontal gyi*us of, 14S 

Process, intermediate, 8 

vermiform- 60- 7i. 7*2- 7d. 77. 78 
effects of removal, 9^ 
Processes of dura mater, 182 
Processus reticularis, 8 
Projection fibres, 163, 164, 169, 172 
Prosencephalon {^p6s, before ; €7x6^0X0^, brain), 

122 
Psychomotor (<^vx^, niind ; motiOj motion) 

centres, 163, 172 
Pulvinar (cushion), iiOj 117, 119 
Purkinje, corpuscles or cells of, 87, 88, 91, 93 

on nerves of pia mater, 187 
Putamen (husk), 134, 197 
Pyramid of worm, 74, 76, 79 
Pyramids, anterior, 43, 45 

decussation of, 46 

large and small, layers of, 16S 

posterior, 44 
Pyramidal bundles, 67, 93 
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Pyramidal nuclei, 57 

tract, 93, 100, 10 1, 163, 164, 172 

anterior or direct, 24, 31, 32, 45 
of isthmus, 65 

lateral or crossed, 24, 31, 32, 51, 64 
»ection of, 31 

* 

QuADUATE lobule, 149, 151, 156 
Quadrigeminal bodies, 38, 96, 104, 109, no, 

117, 119, 164, 195 
Quadrilateral lobe of cerebellum, 74 
Quadrumaua, anterior occipital sulcus of, 152 

calcarine Assure of, 144 

intraparietal sulcus of, 150 

occipital lobe of, 151 

parieto-occipital fissure of, 143 

third frontal gyrus of, 14S 
See also Monkey. 

Rabbit, pyramidal tract of, 25 

Kacial variations in gyri and tissures, 161 

Randwindung (German, bordering convolution), 

159 
Raphe {^a^'fi, seam) of bulb and pons, 59, 60 

of corpus callosum, 127 

of midbrain, 100 
Riiphe-root of fifth nerve, 62 
Rat, pyramidal tract of, 25 
Recess, lateral, 47, 48, 49, 188 

optic, 97 

pineal, 97 

suprupineal, 97 
Recti muscles of eye, innervation of, 99 
Red nucleus, 103, 114 
Reid, J., on brain- weight, 178 
iteid, R. W., on relation between vertebral 

snines and nerve-origins, 3 
^il, island of, 133, 141, 145, 154, 164 
Relative weight of encephalon to body, 178 
Reptiles, pineal body or, 115 

posterior longitudinal bundle of, 103 

segmentation of spinal coi*d of, 16 
Restiform {restiSf rope) body, 44, 69, 85, 86 
Reticular formation, 51, 52, 58, 60, 65, 100, 

loi, 102, 103, 114, 164 
Reticulated white substance, 167 
Retina, 107, 118, 119 
Retinal fibres, 1 10 
Retzius, on cistern se arachuoidalcs, 18S 

on septum posticum, 188 
Khinencephalon {pis^ ^ipost nose ; iyKi<paKoy, 

brain), 160, 161 
Ridge, connecting, of pyramid, 76 
Rivi (streams) and rivuli, 188 
Rohindic angle, 143 

gyrus, 143 

region of cortex, 136 
Rolando, fissure of, 143, 150, 154, 155 

funiculus of, 44, 52 

substantia gelatinosa of, 8, 10, 13. 44 

cells in, 17 

tubercle of, 44, 52, 62 
Roller on auditory nerve -roots, 56 
Roof, ganglion of, 108 
Roots, of auditory nerve, 56, 63 

of facial nerve, 63 

of filth nerve. See Nerve. 

olfactory, inner or mesial, 128, 156, 158, 

159, 160 
middle, 160 
outer or lateral, 156, 159, 160 



Roots — continued. 

olfactory, upper or dorsal, 160 

of optic tract, 117 

of spinal nerves. See Nerve-koots. 

of third nerve, 100 
Rostral sulci, 149 

Rostrum (beak), of corpus callosum, 128 
Rust-coloured layer of cerebellar cortex, 87 



Sachs on medullary centre of occipital lobe, x66 
Sacral nucleus, 16 
Sacro-coccygeal region of cord, 10 
Sacro-lumbar nerves, effect of section of posterior 

roots, 27 
Sngittal sulcus of midbrain, 104 
Sala on fascia dentata, 173 
Sandwich islanders, braiu-wei<!ht of, 180 
Schwalbo on falciform lobe, 155 
on taenia semicircularis, 131 
Sclavonic races, brain weight of, iSo 
Sclerosis (o-kA.i7p<$s, hard), 24 
Second nerve. See Nerve, Optic. 
Secondary degeneration of nerve-fibres, 24 
Section, effects of, of fillet, 53 

of nerve-roots, dorsal and cer* 
vical spinal. 28 
sacro - lumbar 

spinal, 27 
sensory of fifth 
nerve, 53 
of pyramidal tract, 31 
of spinal cord, 32 
Segment of spinal cord, 3, 16 
Semicircular fibres, 85 
Semilunar lobe, interior, 74, 77, 82 
Sensory nuclei. See Nucleus of Fifth Nerve. 
root of fifth nerve, 53 
tract, direct. 163 
Septa of cord, 7, 9, 12 
Septum lucidum (clear partition), 122, 128, 129, 

posterior intermediate of cord, 7 

posticum of cord, 7, 188 
Seventh nerve. See Nerve, Facial. 

nucleus of. Set'. Nucleus, Facial. 
Sexual differences in brain-weight, 178, 179, 180 

variations in gyri and sulci, 161 
Sheath, perineural, 188 

perivascular, 186, 187 
Sherrington on degeneration after cortical lesions, 

32 
on outlying cells of cord, 1 7 
Short association fibres, 165 

degenerations, 32 
Siliqua (capsule) olivse, 45 
Sims on brain- weight, 178 
Singer on degenerations in spinal cord, 34 

on section of nerve-roots, 27 

on tracts of Burdach, 32 
Sinus (hollow) lateral, 182, 184 

longitudinal, inferior, 182 

superior, 152, 182, 184. 191 

occipital, 183 

petiosal, superior, 1S3 

straight, 182, 184 
Sinuses of dura mater, 1S2 
Sixth nerve. See Nerve. 

nucleus of, 63 
Size of body, influence of, on convolutions, 162 
Slender lobe, 74, 77 
Smooth brains, 162 
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Soft commissure, 97 
Solitary bundle, 63 

cells, 17 
Solly on fibres of anterior column, 65 
Space, epidural, 182 

perforated, anterior, 112, 131, 135, 141, 

IS5» 158, 159, 165, 197 
posterior, 96, 98, 115, 195 

subarachnoid 3, 186, 187, 198 

subdural, 3, 181, 184 
Special senses, centres for, 163 
Speech-centre, 147 
Spencer on pineal eye, 115 
Sphincter pupillie, innervation of, 99 
Spinal accessory nerve, 16, 20, 40 

nucleus, 20, 55 
Spinal arteries, 191, 192 
Spinal bulb. Se^ MEDur.iA oblongata. 
Spiniil cord or marrow, i, 2 

blood- supply of, 191 

cell-columns of. aSV« Cell-columns. 

central canal of, 9, 10, 19 

ccntnil ligament of, 2, 5 

columns of, white. Sec Columns. 

commissures of, i, 6, 7, 10, 18, 34 

conducting tracts of, 22 

connective tissue of, 9 

course of nerve-tibres in, 22 

degenerations in, 27 

dimensions of, 2, 3 

diHtributiou of nerve-cells of, 14 

enlargements of, 3, 5 

features of different regions of, 10 

fibres of, traced through bulb and pons, 63 

fissures or furrows of, 6, 7 

form of, 3 

grey matter of, 7, 13 

See also Gury Matiec. 

internal structure of, 7 

lesions of, 32 

lympiiatics of, 198 

membranes of, i, 3, 181 

microscopic structure of, 12 

neurilemma of, 186 

neuroglia of, 12 

origin of nerves from, 3, 11 

proportions of grey and white matter in. 7, 10 

relation of to vcrtcbree, 2 

segments of, 3, 16 

septa of, 7, 9, 12, 188 

vems of, 193 

weight of, 180 

white matter r>f, 9, 12 
Spinal nerves, 3, 11, 19, 94 
Spitzka on mesial fillet, 10 1 
Splenium {awKrivloy, pad), 128 
Stalk of thalamus, anterior, 112 

lower, 112 
Stammtheil (German, stem-part), 154 
Starr on oculomotor nucleus, 99 
Stature, influence of, on brain-weight, 179 
Stem of hemisphere, 154 
Stieda on optic lobes of birds, 107 
Stilling on decussating fibres of cerebellum, 84 

on optic tract, 118 

on res ti form body, 85 
Straight sinus, 182, 184 

Stratum albo-cinereum (white-grey layer), infe- 

rius, 107 
superius, 107 

cinereum, 107 

dorsale, 114 



Stratum — continued. 

granulosum, 174 

intermedium, loi 

laciniosum (jagged), 173 

lemnisci, 107 

opticum, 107 

radiatum, 173 

zonule, 98, 107, I I 
Stria (furrow, streak) alba tuberis, 116 

medullaris, of mid-bi-ain, 98 

pinealis, 98, 114, 129 

terminalis, no, 122 
Striee, longitudinal, lateral or grev, 127, 155, 

157, 158 
mesial, 127, 128, 155, 157 

158 
medullares sen acustieie, 50, 59, 94 
Subarachnoid fluid, 187 



space, 3, 186, 187, 198 
calcari] 



Subcalcarine gyrus, 153 

Subdural space, 3, 181, 184 

Subiculum (support) cornu Ammonis, 156 

Substantia ferrugiuea (colour of iron-rust), 

gelatinosa of Rolando, 8, 10, 13, 44, 62 

cells of, 17 
centralis, 18 
innominata, 112, 135 
interansalis (between the loops), 112, 114 
nigra (black), 114 
reticularis alba, 156 
spongiosa, 13 
Subthalamic tegmental region, 112, 113, I22» 

136, 164 
Sulcus (furrow) or Sulci {see Fissures), causa- 
tion of, 162 
of cerebellum, 71, 75, 77 

arcuate, anterior, middle and posterior, 

75. 77 
horizontal, peat, 71, 75, 79, 82 

lower or lesser, 75, 77 

midgracile. 75 

postcentral, 71, 73, 79, 82 

postgracile, 75 

postnodular, 75, 79 

postpyramidal, 75, 79 

precentral, 71, 73, 79 

pregracile, 75 

prepyraniidal, 75, 79 

vallecula, 75, 76 

of cerebral hemispheres, 137, 145, 149, 151, 

153, 154, 156 
callosal, 127, 156 

central, 143 

centralis iiisulre, 154 

diagonalis, 146, 148 

extremus, 144 

fimbrio-dentnte, 157 

frontalis inferior, 146, 148 

medins, 146, 147, 161 

mesiulis, 149 

(of Cunningham), 146, 147 

superior, 146, 148 
fronto-marginalis, 146 

lateralis, 146, 149 
fron to-orbital is, 149 
H-shaped, 149 
inferior transverse, 143 
intniparietal, 149, 155 
limitans insuloe, 154 
marginalia, 149 
occipitalis anterior, 144, 150, 152 
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SuLOUS or BvLCi—Cfmtinued. 

of cerebral hemispheres — conHnued. 
occipitalis lateralis, 151, 152 

traosversas, 150 
olfactory, 149 
orbitales sagittales, 149 
orbitalis, 149 

trans versus, 149 
paramesial, 146, 147, 161 
postcentralis, 143, 150 
postcentralis insulae, 155 
postcentralis superior, 1 50 
postlimbic, 155 
precentralis, 143, 145, 155 
inferior, 146, 148 
insulie, 155 
mesialis, 145 
superior, 146 

transversus, 143, 146, 155 
precuneati, 151 
pre-Kolandic, 145 
radiatus, i46 

rectus (straipcht) Quadrumanorum, 148 
retroceutralis transversus, 150 
rostral, 149 
supraorbital, 149 
temporal, 153 
transversus anterior, 146 
inferior, 143 
occipitalis, 150 
orbitalis, 149 

precentralis, 143, 146, 153 
retro-centraliti, 150 
triradiate, 149 
of mid-bi-ain, lateralis, 100 

loDffitudinalis, 104 
ocuTomotorii, 100 
saglttalis, 104 
transversus, 104 
of spinal cord, intermediate, 7, 24 
Sunken surface of cortex cerebri, 137, 177 
-Soperficial arched fibres, 44, 45, 58, 39 
erior comn " 
fovea, 50 



•Hnperior commissure of cerebellum, 84 



.84 



medullary velum, 47, 70, 73, 79, 82, 85, 
98, 103, 104 

olive, 47, 60 

petrosal sinus, 183 

worm, 69 
Snpracallosal gyrus, 155, 158 
•SnpramarginaJf gyrus, 151, 153 
Snpraorbital sulcus, 149 
Suprapineal recess, 97 
(Surfaces of cerebellum, 71, 74 

cerebral hemispheres, 137, 197 
orbital, 145, 147, 148, 149, 195 
Sylvian angle, 142 

aqueduct, 96 

fissure, 141, 143, 146, 147, 148, 150 

fossa, 142 



Table of parts of cerebellar worm and hepu- 

spheres, 78 
Ttenia {raiyla, band) of medulla oblongata, 49 

fimbriae, 158 

fomicia, 98, no, 114, 129 

hippocampi, 130 

pontis, 115 

semicircularis, 122, 124, 120, 131 
I'enie tectee (concealed), 127 
Tapetum (carpet), 124, 129 



Tartuferi on quadrigeminal bodies, 106 
Tegmental nucleus, 93, 94, 103 
Tegmentum (covering), 98, 100, 102, 112, 114, 
115, 163. 164 

subthalamic, 112, 113, 122, 164 
Tela choroidea (choroid web) inferior, 185, 186. 
188 

superior, 185 
Temporal division of cerebral hemisphere, 137 

gyri, 151, 152, 153, 155 

lobe, 112, 145, 149, 152, 156, 160, 163, 
164, 165, 177, 180, 195 

operculum, 142 

sulci, 153 
Temporo-occipital bundle, 165 
Tempore- sphenoidal lobe, 152 
Tent of dura mater, 182 

fourth ventricle, 78 
Tenth nerve. See Nerve, Vagus. 
Tentorium (tent) cerebelli, 182 

of hypophysis, 182 
Tenninai arteries, 193 

filament of cord, 5, 189 
Tertiary degeneration of nerve-fibres, 24 
Testes, 105 

Testut on taenia semicircularis, 131 
Teutonic races, brain -weight of, 180 
Thalamencephalon {thalamuSf bed ; fyxi^xiKov^ 

brain), 96 
Thalamus, optic. See Optio Thalamus. 
Theca (sheath), 3, 182 
Thickness of cerebral cortex, 1 77 
Third nerve. Sec Nkrve. 
Third ventricle, 96, 97 
Thi*eshold of island, 155 
Tiedemann on brain- w^eight, 178 
Tomentum (flock of wool, hair, &c.) cerebri, 1S4 
Tonsil of cerebellum, 74, 76 
Tooth on origin of facial nerve, 61 
Trabs (beam) cerebri, 127 
Tract or tracts, antero-lateral ascending, 24, 25, 
32. 34, 65, 85, 103, 104 

of antero-lateral column, 24 

antero-lateral descending, 24, 25, 32, 65, 
85,86 

bulbar ascending cerebelLir, 86 

of Burdach, 26, 28, 32, 44 

central, of fifth nerve, 62 
of tegmentum, 60 

comma, 26, 29, 32 

conducting, of cord, 22 

crossed or lateral pyramidal, 24, 31, 32, 

51, 64 
direct pyi-amidal, 24, 31, 32. 45 
sensory, 163 

cerebellar, 24, 25, 32, 34, 44, 6$, 85, 86 
dorso-lateral ascending, 24, 25, 32, 34, 44, 

65, 85, 86 
of fillet, 103 

of GoU, 26, 28, 32, 34, 43 
intemiedio-lateral, 8 
of Lissauer, 2C, 26, 29 
olfactory, 145, is6, 159, 160, 164, 174 
optic, 96, 105, 107, no, III, 114, 117, 164 

connection with cerebellum, 120 
peduncular, 65 
posterior descending, 29 
of posterior white columns, 26 
pyramidal, 24, 31, 32, 45, 93, lOI, 163, 
164, 172 
of isthmus, 65 
Tractus transversus pedunculi, 118 
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Transition from pons to mid-brain, 65 

Transitional tegmental region, 114 

Transverse fibres of cerebral hemisphere, 163, 164 

fissure, 124 

gyri. Su Gybus. 

salens, inferior, 143 

of mid-brain, 104 
occipital, 150, 152 
preceutral, 143, 146, 155 

temporal gyri, 153 
Trapezinm, 47, 104 
Trapezoidal body, 73, 78, 79, 82 
Trigeminal nerve. See Nerve, Fifth. 
Trigonnm (triangle) acustici, 50 

habenule, m, 113,114 

hypoglossi, 50 

interpedunculare, 100 

olfaclorium, 159, 160 

vagi, 50 

yentricnli, 127 
Triradiate aniens, 149 
Trochlear nerve. See Nerve, Fourth. 
Trophic fibres of fifth nerve, origin of, 51 
Tnber (swelling) annulare, 39 

cinereuni, 96, 98, ill, 116 

posticnm, 74, 77, 79 

valvulte 8. posticnm, 74, 77, 79 
Tubercle, acoustic, 50 

cnneate, 44 

of optic thalamus, anterior, no 

posterior, no 

of Rolando, 44, 52, 62 
Tnberculuin laterale s. acnsticum, 50 
Tiirck, column of, 24 

Turner, W. A. on origin of facial nerve, 61 
Turner, Sir W. on rhinencephalou, 161 
Twelfth nerve. See Nerve, HYPOOLOsaAL. 



Uncinate gyms, 156, 172 

fasciculus, 165 
Uncus (hook), 156, 158 
Uvula (from resemblance to uvula of soft palate), 

74, 76, 79 



Vagal nncleus, accessor}*, 55 

Vagus (wandering) nerve. See Nerve. 

VaHecula (<iim. oivallis, valley), 70 

suhi of, 75, 76 

Sylvii, 137, 141, 158, 159 
Valve of Vieussens, 47, 70, 195 
Variations in gyii and hulci, 161 
Vein, choroid, 18 J 

of corpus striatum, 122, 185 

of Galen, 185 
Veins of dura mater, 1S4 

of spinal cord, 193 
Velum (sail or curtain) interpositum, 98, 114, 
122, 129, 185, 198 

medullary, inferior, 48, 70, 76, 78 



Velum —continued. 

medullary, superior, 47, 70, 73, 79, 82, 85, 
98, 103. 104 
Vena mngna Gaieni, 186 

Ventricles of brain, 38, 47, 96, 97, 122, 188, 189 
of cerebral hemispheres, 122 
fourth, 47, 73 
floor of, 50 
tent of, 78 
lateral, 97, 122 
of septum, 129 
thira, 96, 97 
Ventro-lateral cell-group of anterior horn, 14 
tract, ascending, 24, 25, 32, 34, 65, 85, 103 
104 
descending, 24 
Venules, central, 193 

peripheral, 193 
Vermiform {vermiSf worm) process. See Worm. 
Vicq-d'Azyr, bundle of, 113, 115, 129, 166 

line of, 167 
Vieussens, valve or, 47, 70, 195 
Villi {vilha, tuft of hair), choroidal, 186 

arachnoidal, 184, 190 
Visual area of cortex cerebri, 1 10 

centres, connection with cord and bulb, 119 

oculomotor nuclei, 

"9 
interconnection of, 119 

Voelckers, on oculomotor nucleus, 99 

Volkmiinn, on nerves of arachnoid^ 189 



Wagner on grey cortex, 176 
Weight of brain, 178 
spinal cord, 180 
Weisbach on orbital sulcus, 149 

weight of brain, 1 78 
Wernicke on nucleus caudatus, 132 
Westphal and Edinger, nucleus of, 99 
White columns of cord. See Columns. 
commissure of cord, 6, 10 
matter of cerebral hemispheres, structure 
of, 163 
cord, 9 

microscopic structure of, 12 
proportion of to grey, 7, 10 
plexuses, 169 

substance of cerebellum, 71, 78, 87, 91 

commissural fibi-es in, 84 
nuclei in, 83 
Worm, 69, 71, 73, 74, 77» 78 
effects of extirpation, 94 



Zona incerta, 114 

Zuckerkandl on bordering gyri, 159 

olfactory bundle, 158 
gyrus geniculi, 158 
supi'acallosus, 158 
subcallosuji, 159 
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